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PULMONARY ARTERIOLAR SCLEROSIS 


A CLINICOPATHOLOGIC STUDY 


DONALD H. KAUMP, M.D 
Fellow in Pathology 
AND 
THOMAS J. DRY, M.B. 


ROCHESTER, MINN. 


In the past few years disturbances of the pulmonary circulation have 


been studied with renewed interest, and the term pulmonary hyperten- 


sae 


sion has gained more universal usage. The relative obscurity to which 
the pulmonary arterial tree has been relegated can be attributed to the 
following causes: (1) its inaccessibility during life, (2) the lack of 
accurate anatomic criteria whereby pathologic changes in the different 
parts of the pulmonary arterial tree can be correctly evaluated at 
necropsy and (3) the similarity of the clinical manifestations of diseases 
of the pulmonary arterial tree to those of cardiac diseases and pulmonary 
disturbances. 

The name Ayerza’s disease is closely linked with diseases of the 
pulmonary artery. This term has had an interesting influence on the 
conception of diseases of the pulmonary artery. According to Brenner,’ 
in the case originally discussed by Ayerza, in which the patient was 
described as a black “cardiac,” necropsy disclosed dilatation of the 
bronchi, peribronchitis and hypertrophy and dilatation of the right 
auricle and right ventricle, but the pulmonary vessels were not even 
mentioned. 

In cases in which cyanosis was a prominent clinical finding and in 
which atherosclerosis of the pulmonary artery was noted at necropsy 
the condition came to be labeled Ayerza’s disease. Various views were 
expressed as to etiology, and when Warthin, in 1917, reported that he 


had found spirochetes in sections of an aneurysm of the pulmonary 
artery of a patient, who incidentally was not even cyanosed, he started 
an unwarranted wave of enthusiasm for accepting syphilis as at least 
one of the etiologic factors in Ayerza’s disease. Meanwhile this name 
was used universally to denote a variety of anatomic lesions in the pul- 


From the Mayo Foundation and the Division of Medicine, the Mayo Clinic. 
1. Brenner, O.: Pathology of the Vessels of the Pulmonary Circulation, 
Arch. Int. Med. 56:976-1014 (Nov.) 1935. 
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monary vessels and lungs, including probably primary or arteriolar 
pulmonary sclerosis. While the name inadvertently helped to attract 
attention to diseases of the pulmonary artery, it also helped to add to 
the confusion which exists concerning the nature of these diseases. 

Study of the literature bearing on disease of the pulmonary artery 
is especially difficult, because authors have exercised insufficient dis- 
crimination in considering changes in the pulmonary artery and its larger 
branches, on the one hand, and those of the arteriolar system, on the 
other hand. To add to the difficulties, no uniform terminology is 
employed in defining the term arteriole. Finally, there is no clear under- 
standing of what constitutes the pathologic changes of aging and what 
is definitely disease. Therefore, while a great many facts are known 
about pathologic changes in the pulmonary circulation, it is to be 
expected that a considerable amount of rearrangement will occur before 
they will finally appear in their proper perspective. 


PATHOLOGIC CONSIDERATIONS 

In approaching this study we accept in a general way the following 
facts relative to the pathologic changes in the pulmonary arterial tree: 

Atherosclerotic changes of the pulmonary artery and its main 
branches are a frequent accompaniment of conditions associated with 
increased pressure within the pulmonary circulation. Mitral stenosis is 
perhaps the condition which most frequently is responsible for athero- 
sclerotic changes in the pulmonary artery and its main branches, but 
Parker and Weiss? recently have described arteriolar changes in five 
of ten cases of mitral stenosis. These changes consisted of hyperplastic 
arteriolar sclerosis and arteriolar necrosis. They were not noted in five 
cases of congenital cardiac septal defect, in twelve cases of congestive 
circulatory failure of syphilitic and hypertensive origin, in fifteen cases 
of emphysema, in one case of marked kyphosis and sclerosis of the 
larger pulmonary arteries, in twenty cases of thrombosis or embolism 
of the pulmonary arteries, in nineteen cases of chronic interstitial pneu- 
monitis or in three cases of pulmonary fibrosis of noncardiac origin. 
In this connection it is interesting to know that the exposure of rats to 
compressed air was reported to lead in time to lesions in the small 
arterioles of the lungs. The lesions consisted of a thickening and hya- 
linization of the walls and ultimate thrombosis of many of the 
arterioles.* 


2. Parker, Frederic, Jr., and Weiss, Soma: The Nature and Significance of 
the Structural Changes in the Lungs in Mitral Stenosis, Am. J. Path. 12:573-598 
(Sept.) 1936. 

3. Smith, F. J. C.; Bennett, G. A.; Heim, J. W.; Thomson, R. M., and 
Drinker, C. K.: Morphological Changes in the Lungs of Rats Living Under 
Compressed Air Conditions, J. Exper. Med. 56:79-89 (July) 1932. 
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Sclerotic changes are almost constantly present in the different sub- 
divisions of the pulmonary circulation. Brenner * observed some degree 
of microscopic atherosclerosis in 97 per cent of one hundred unselected 
cases in which necropsy was performed. He noted that its severity 
increases somewhat with age and with conditions which are thought to 
he associated with increased pulmonary arterial pressure. These obser- 
vations correspond closely with the observations related to the systemic 
circulation, and in the absence of demonstrable disease elsewhere they 
possibly represent nothing more than changes incident to age. At any 
rate, they become important only when circulatory embarrassment results 
from their presence, and in this regard the vascular system seems to 
possess a reserve which is not readily exhausted. 

Localized atherosclerotic or endarteritic changes frequently are asso- 
ciated with such lesions of the lung as abscesses, tuberculosis and bron- 
chiectasis, and arteritis due to syphilis and that due to rheumatic fever 
are well recognized entities. 

Diffuse sclerosis of the pulmonary arterioles may occur without 
obvious reason. Extensive sclerosis of the pulmonary arteries, such as 
that associated with cardiac or pulmonary disease, which occurs without 
any obvious reason, is a rare but well established pathologic entity. In 
this so-called primary pulmonary vascular sclerosis the important patho- 
logic changes occur in the smaller arteries, and there is associated hyper- 
trophy of the right ventricle. It is this type that is of special interest. 














METHODS OF STUDY 





AND 





MATERIAL 





Our approach to the problem of sclerosis in the pulmonary circula- 
tion is based on: (1) the study of a group of cases in which there were 
sclerotic changes in the pulmonary arterial tree, (2) the clinicopathologic 
analysis of twelve of the cases in which there was diffuse sclerosis of 
the pulmonary arterioles and (3) the consideration of the physiologic 
principles on which these symptoms and changes may be based. 


We selected twenty-nine cases in which detailed microscopic studies were 
carried out on all the divisions of the pulmonary artery. These cases may be divided 
into two groups: (1) sixteen cases in which there was gross evidence of sclerosis 
of the pulmonary artery, but no unusual microscopic evidence of arteriolar sclerosis, 
and (2) thirteen cases in which there was microscopic evidence of arteriolar 
sclerosis distributed diffusely throughout both lungs. In three of the first group 
of cases there was hypertrophy of the right ventricle. In two of these cases there 
was definite evidence of chronic mitral endocarditis, which in all probability 
accounted for the ventricular hypertrophy, but in the third case no adequate reason 
for the hypertrophy of the right ventricle could be found. This group requires no 
further comment, as the pathologic observations were similar to and corresponded 











4. Brenner, O.: Pathology of the Vessels of the Pulmonary Circulation, 
Arch. Int. Med. 56:457-497 (Sept.) 1935. 
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with the accepted conceptions of atherosclerosis of the larger arteries in the sys- 
temic circulation. In eleven of the thirteen cases in which there was microscopic 
evidence of arteriolar sclerosis there was definite hypertrophy of the right ventricle. 

Anatomic Criteria—One of us (D. H.K.) has been able to determine in a series 
of sections of normal lungs of infants that muscle is present in the media of 
vessels with an outside diameter of 30 microns. With increasing age the muscular 
layer of the media is seen to be present only in vessels of progressively greater 
diameter. Thus, in cases in which the patients are from 70 to 80 years of age there 
is no muscle in the media of vessels with an outside diameter of less than from 160 
to 180 microns. Hence, we have included as arterioles those vessels with an outside 
diameter of less than 300 microns, in order to make sure that we were well beyond 
the size of vessel in which pathologic changes and changes attributable to advanc- 
ing age might be confused. This feature also obviated the necessity of adjusting 
our criteria of normalcy for each separate age group. 

Grading of Sclerosis—After a careful consideration of the data in the cases in 
the second group, it was found that the sclerosis could be roughly grouped into four 
grades according to the degree of involvement. In sclerosis of grade 1 the initial 
arteriolar change appeared to consist of a thickening of the media (fig. 1 A). 
This apparently was due to two elements, namely, an increase in elastic connec- 
tive tissue and hypertrophy of the muscle fibers. This media thickening was asso- 
ciated with a splitting of the internal elastic lamina and an increase in elastic 
fibrils ; some of these fibrils extended into the intima and the media from the elastic 
lamina. In sclerosis of grade 2 (fig. 1B), which followed or in some cases accom- 
panied sclerosis of grade 1, there were patches of medial degeneration, which con- 
sisted of vacuolation, pyknotic nuclear changes, hyalinization and fatty changes. 
As the sclerosis progressed to grade 3 (fig. 2A) the intima became increasingly 
thickened by the formation of fibrous tissue, and the media in a comparable manner 
became gradually thinner. Thrombi were present in one case. These appeared 
to be of various ages, as some had undergone partial or complete organization. In 
sclerosis of grade 4 (fig. 2B), that is, the most advanced lesion noted in this 
group, the intimal thickening was intense and produced almost complete occlusion. 
In three cases the sclerosis was of grade 1; in four cases, grade 2; in four cases, 
grade 3, and in two cases, grade 4. 

Associated Hypertrophy of the Right Ventricle—Finally an attempt was made 
to correlate the degree of sclerosis and the amount of hypertrophy of the right 
ventricle. As no practical method is known whereby the degree of hypertrophy of 
independent ventricles can be accurately computed, a rough estimation of the size 
of the ventricles was made, and the results were compared with what we consider 
to be the normal size of the right ventricle. This was carried out independently, 
without reference to the degree of vascular disease present in each case, in order 
to arrive at unbiased conclusions. The correlation showed a rather close ratio 
between the degree of arteriolar sclerosis and the degree of ventricular hypertrophy. 


CLINICOPATHOLOGIC CONSIDERATION 


Clinical data were available in twelve cases in which arteriolar 
changes were present. The twelve cases were further studied in order 
to determine whether any special features would be revealed by the 
recorded symptoms and objective changes which would be characteristic 
or suggestive of these arteriolar changes. The first noteworthy feature 


Pah ala 


ieee Shee fe 


o 





ae gee 


EP 


pee 


¥ 
a 
¥ 
Mi 
é 
2 
% 














KAUMP-DRY—PULMONARY ARTERIOLAR SCLEROSIS 














- 
| = 


Fig. 1—A, arteriolar sclerosis, grade 1; & 510. B, arteriolar sclerosis, grade 
2; x 480. 
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Fig. 2.—A, arteriolar sclerosis, grade 3; x 530. F 
4; x 385. 


3, arteriolar sclerosis, grade 
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was the entire lack of correlation between the degree of arteriolar sclero- 
sis and the degree of physiologic disturbance ; in fact, on further analy- 
sis it immediately became apparent that these cases automatically divided 
themselves into the three following groups: 

Group 1 (Table 1)—This group consisted of four cases in which 


the cardiorespiratory symptoms were either in complete abeyance or 


appeared only as a terminal event. Yet in three of the cases in this 


group there was a rather marked degree of arteriolar sclerosis (table 1). 
Death seemed to be due to an unrelated disease. 


CasE 1—A man aged 74 presented himself for examination because of 


His 


abdominal symptoms, which proved to be due to carcinoma of the rectum. 
only comment referable to the cardiorespiratory system was that his “wind was 


Taste 1—Data on Cases of Arteriolar Sclerosis in Which There Were 
Previous Cardiorespiratory Symptoms (Group 1) 


Blood 
Pressure, 
Mm. of Hg 


Cause of FE lectrocardiographic 
Death Findings 


Min. of Blood 


Systolie 


Carcinoma of Preponderance of left 
reetum ventricle; iso-electric 
T wave in lead I 


Coronary 

thrombosis 

Gastro-intes Preponderance of left 
tinal hemor ventricle; inversion of 
rhage T wave in lead ITI 
Postoperative 

pulmonary 

embolism 


poor when the gas pressed up against the lungs.” The value for the blood pressure, 
expressed in millimeters of mercury, was 210 systolic and 100 diastolic. The elec- 
trocardiogram showed left axis deviation, with an iso-electric T wave in lead I. 
The. value for hemoglobin was 13 Gm. per hundred cubic centimeters of blood, and 
the erythrocytes numbered 3,890,000 per cubic millimeter of blood. The patient 
died as the result of infection following resection of the rectum. 

Summary,—There was slight generalized pulmonary arteriolar sclerosis (grade 
1), without symptoms. 

Case 2—A man 44 years of age had had symptoms of thrombo-angiitis 
obliterans for nine years. There had been no symptoms referable to the cardio 
respiratory system, and physical examination did not reveal any abnormality. The 
value for the blood pressure, expressed in millimeters of mercury, was 120 systolic 
and 70 diastolic. The value for hemoglobin was 14.8 Gm. per hundred cubic centi 
meters of blood, and the erythrocytes numbered 4,870,000 per cubic millimeter of 
blood. Roentgenologic examination of the thorax did not disclose any abnormality. 
After cervical sympathectomy had been performed labored breathing and slight 
cyanosis developed, but these symptoms disappeared entirely after the patient had 
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been in an oxygen chamber for twenty-four hours. Eight months later lumbar 
sympathectomy was performed. Within a few hours, after a few gasping breaths, 
the patient died suddenly of coronary thrombosis. 

Summary.—There was arteriolar sclerosis of grade 3, without any symptoms 
except those which followed operation. There was nothing about the arteriolar 
sclerosis to suggest that it was related to thrombo-angiitis obliterans. 

Case 3.—A man aged 68 sought medical advice because of a general decline in 
health and because he had had a gastro-intestinal hemorrhage. There were no 
cardiac symptoms. Examination of the heart and lungs and roentgenologic exami- 
nation of the thorax did not reveal any abnormality. The value for the systolic 
blood pressure was 154 mm. of mercury and that for the diastolic pressure was 
80 mm. The value for hemoglobin was 8.2 Gm. per hundred cubic centimeters of 
blood, and the erythrocytes numbered 2,770,000 per cubic millimeter of blood. The 
electrocardiogram showed left axis deviation and an inverted T wave in lead ITI. 
The patient died after a massive hemorrhage, which proved to have been caused by 
an ulcerating carcinoma of the papilla of Santorini that had eroded into the 
duodenum. 

Summary.—There was marked pulmonary arteriolar sclerosis (grade 3), with- 
out symptoms. 

Case 4.—A man aged 56 came to the clinic because of an indefinite ulcer-like 
type of indigestion which was relieved by the ingestion of food or alkali. He 
admitted that he had slight dyspnea on exertion. Roentgenologic examination 
of the thorax revealed only a tortuous aorta. The value for the systolic blood 
pressure was 118 mm. of mercury and that for the diastolic pressure was 90 mm. 
The value for hemoglobin was 14.2 Gm. per hundred cubic centimeters of blood, and 
the erythrocytes numbered 4,570,000 per cubic millimeter of blood. Roentgenoscopic 
examination of the stomach revealed a lesion in the prepyloric region. Exploration 
was carried out, and the postoperative course was uneventful until the tenth day, 
when the patient died suddenly of pulmonary embolism. 

Summary.—There was arteriolar sclerosis (grade 4) in the lesser circulation, 
with only slight symptoms. Death was due to postoperative pulmonary embolism 


Group 2.—This group was represented by one case in which pul- 
monary arteriolar sclerosis was associated with a large substernal goiter, 
which displaced the trachea. 


Case 5.—A man aged 66 came to the clinic because of cough, which had been 
present for many years but which had become worse in the previous two months 
and had been associated with increasing dyspnea on exertion. He had known of the 
presence of the goiter for twenty years. The goiter extended substernally and 
displaced the trachea. The basal metabolic rate was + 33 per cent. The value for 
the systolic blood pressure was 170 mm. of mercury and that for the diastolic 
pressure was 108 mm. The value for hemoglobin was 17.2 Gm. per hundred cubic 
centimeters of blood. Examination of the heart and lungs did not reveal any 
abnormality. When thyroidectomy was attempted, so much respiratory difficulty 
developed that the operation was stopped, and the patient was temporarily trans- 
ferred to an oxygen tent. No further surgical treatment was undertaken until two 
months later. Meanwhile the dyspnea had improved somewhat, but it was noted 
that the auricles fibrillated paroxysmally. At the time of thyroidectomy the sur- 
geon noted that the right lobe of the thyroid gland was eight times the normal size 
and that the left lobe was twelve times the normal size; the trachea was con- 
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siderably distorted. Although the patient was placed in an oxygen tent post- 
operatively, he had numerous spells of dyspnea and finally died. Despite the 
occurrence of auricular fibrillation, there never was any evidence of failure. 
Summary.—There was a combination of arteriolar sclerosis (grade 1) and 
interference with ventilation due to mechanical obstruction of the trachea. 


Group 3.—This group was comprised of seven cases in which there 
were varying degrees of arteriolar sclerosis (table 2). Despite the 


difference in the degree of arteriolar involvement in these cases, the 
clinical picture and final outcome were strikingly uniform. 


TABLE 2.—Data on Cases in Which Arteriolar Sclerosis was Associated with thi 
Clinical Picture of Marked Congestive Heart Failure (Group 3) 


Blood 
Pressure, 
Mm. of Hg 


A, * 


1 


Electro- 
cardiographic 
Findings 


Associated 
Pathologic 
Changes 


Arteriolar Sclero- 
Erythrocytes, 


Right Ventricle, 


Hypertrophy of 
Grade 


Diastolic 
Hemog 
of Blood 


Systolic 


Z 


Preponderance of 35 3 Coronary sclerosis, 
right ventricle; grade 8; healed 
inversion of T wave myocardial infare- 
in leads II and III tion 

§ Emphysema 
Preponderance of 6 r r Caleareous aortic 
right ventricle; stenosis 
exaggeration of 
Pe wave and inver- 
sion of T wave in 
leads II and III 


Asthmatic bron- 
chitis 
Preponderance of ¢ ; 3.5 3.95 Mitral stenosis 
right ventricle; 
diphasie T wave in 
lead II and inverted 
T wave in lead III 


Emphysema and 
hypertension 


Preponderance of y 6.3 5.6 Emphysema 
right ventricle 


CAsE 6.—For eight years a man aged 47 had experienced “gas pains,” which 
had been associated with effort and had been relieved by rest. The abdominal pain 
at times had been associated with pain in the left arm. In the two years before he 
came to the clinic he noted dyspnea on exertion, but he no longer experienced the 
pain which previously had been present. For three months before he came to the 
clinic the dyspnea increased to orthopnea. There was edema of the legs, which was 
of recent origin. Examination disclosed considerable congestion at the bases of 
the lungs, the liver extended several inches below the costal margin and there was 
peripheral edema. Cyanosis was rather marked and became progressively worse. 
The value for the systolic blood pressure was 135 mm. of mercury and 
that for the diastolic pressure was 98 mm. Roentgenologic examination of the 
thorax revealed cardiac enlargement. A gallop rhythm was present. There was 
a systolic bruit at the apex, and the pulmonic second sound was accentuated. The 
value for hemoglobin was 14.3 Gm. per hundred cubic centimeters of blood, and 
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the erythrocytes numbered 4,540,000 per cubic millimeter of blood. The electro- 
cardiogram showed right axis deviation, with inversion of the T wave in leads II 
and III. There was considerable evidence of generalized arteriosclerosis. The 
patient did not respond to treatment. The clinical impression was that the symp- 
toms were attributable to coronary disease, and it was suggested that he had had 
an occlusion of the posterior basal portion of the left ventricle or that he had 
disease of the pulmonary artery. Necropsy disclosed marked coronary sclerosis, a 
healed infarction and arteriolar sclerosis of the pulmonary vessels. 

Summary.—There was arteriolar sclerosis (grade 1) associated with advanced 
coronary sclerosis. 

Case 7.—A man, aged 57 had enjoyed good health until two years before he 
came to the clinic, when he began to note discomfort in the upper part of the 
abdomen. About the same time he noted dyspnea on exertion. His condition 
remained about the same until a few months before he came to the clinic, when 
edema of the ankles, increasing dyspnea and cough became the predominant fea- 
tures. Examination revealed emphysema, orthopnea, distention of the veins of 
the neck, cyanosis, massive edema, and a systolic bruit, which was audible over the 
entire precordium. The value for the systolic blood pressure was 120 mm. of 
mercury and that for the diastolic pressure was 82 mm. The value for hemoglobin 
was 17 Gm. per hundred cubic centimeters of blood, and the erythrocytes num- 
bered 4,060,000 per cubic millimeter of blood. Despite treatment, the patient 
became irrational, failed rapidly and died. 

Summary—There was a combination of emphysema and arteriolar sclerosis 
(grade 1) of the pulmonary vessels. 

Case 8.—A man aged 45 was first seen at the clinic in 1929. Dyspnea, cough 
and pain in the upper part of the abdomen developed two months before he came 
to the clinic, and he recently had had “influenza.” The limbs were edematous, 
dyspnea was marked and there was some cyanosis. The liver was palpated 1% 
inches (3.7 cm.) below the costal margin. There was a systolic bruit, which was 
best heard over the aortic area; this was accompanied with a thrill. A definite 


diagnosis of aortic stenosis was made. It was noted that, despite an aortic lesion, 
the pulmonic second sound was accentuated, and the electrocardiogram showed 


right axis deviation, a diphasic T wave in lead II and an inverted T wave in lead 
III. Roentgenologic examination of the thorax revealed passive congestion at the 
bases of the lungs. The value for the systolic blood pressure was 136 mm. of 
mercury and that for the diastolic pressure was 108 mm. The value for hemoglobin 
was 17 Gm. per hundred cubic centimeters of blood, and the erythrocytes numbered 
4,780,000 per cubic millimeter of blood. The patient responded satisfactorily to the 
administration of diuretics; he was allowed to return to his home but was 
advised to take maintenance doses of digitalis. He remained comfortable and free 
from edema for twelve months; he then caught cold, and the dyspnea and edema 
returned within a few weeks. His condition rapidly became worse; there were all 
the evidences of marked congestive heart failure. Despite the administration of 
diuretics he failed rapidly. Necropsy revealed calcareous aortic stenosis. 

Summary.—There was aortic stenosis (calcareous) associated with pulmonary 
arteriolar sclerosis (grade 2). 

Case 9—A man 51 years of age had had bronchial asthma for twenty years. 
He had been able to continue work, first as an iceman and later as a milkman, 
until five months before he came to the clinic, when he began to have severe 
attacks of dyspnea. The report does not state whether these differed in any 





























ARTERIOLAR SCLEROSIS 11 





PULMONARY 









KAUMP-DRY 
way from the former attacks of asthma. Two weeks before he came to the clinic 
the dyspnea became constant and severe, and there was rapidly developing edema. 
During this time he had considerable pain across the upper part of the abdomen. 
He was orthopneic and markedly cyanosed, the legs were edematous and there 
were moist rales at the bases of both lungs. The cardiac sounds were indistinct. 
The value for the systolic blood pressure was 116 mm. of mercury and that for 
the diastolic pressure was 84 mm. The liver was palpable. The patient died a 
few hours after he was admitted to the hospital. 

Summary.—There were long-standing asthmatic bronchitis and sclerosis of the 
pulmonary arterioles (grade 2). 

Case 10.—A woman aged 39 had had slight dyspnea on exertion for several 
years. Two years before she came to the clinic she had an illness which was 
described as influenza and bronchitis; afterward the dyspnea became progressively 
worse, and enlargement of the abdomen was noted. Finally edema of the legs 
developed. Repeated abdominal paracentesis was necessary. In the eight months 
before she came to the clinic she had a persistent cough and some fever. She 
presented a clinical picture of marked congestive heart failure with cyanosis; the 
veins of the neck were distended, and there was auscultatory evidence of mitral 
stenosis, including marked accentuation of the pulmonic second sound. Roent- 
genologic examination revealed fluid at the base of the right lung. The electro- 
cardiogram showed right axis deviation, a diphasic T wave in lead II and an 
inverted T wave in lead III. The patient did not respond to treatment and failed 
rapidly. The predominance of ascites suggested the possibility of adhesive peri- 
carditis, or at least it was felt that some condition was present in addition to mitral 
stenosis. The value for hemoglobin was 13.5 Gm. per hundred cubic centimeters 
of blood, and the erythrocytes numbered 3,950,000 per. cubic millimeter of blood. 
The value for the systolic blood pressure was 94 mm. of mercury and that for 
the diastolic pressure was 68 mm. 

Summary.—There was mitral stenosis associated with marked pulmonary 
arteriolar sclerosis (grade 3) 

Case 11—A woman aged 67 had had asthmatic attacks for eighteen years; 
these had occurred mostly during the summer and had been associated with a 
chronic nonproductive cough. For five years she had become dyspneic after 
exertion. Edema of the ankles was first noticed two years prior to her visit to 
the clinic. After that the dyspnea which occurred after exertion became markedly 
worse, and there was evidence of increasing congestive heart failure. The value 
for the systolic blood pressure was 160 mm. of mercury and that for the diastolic 
was 100 mm. There was a systolic bruit at the apex; otherwise the cardiac 
findings were not remarkable. The value for hemoglobin was 13.1 Gm. per 
hundred cubic centimeters of blood, and the erythrocytes numbered 5,040,000 
per cubic millimeter of blood. The clinical diagnosis was bronchial asthma, asso- 
ciated emphysema and hypertensive and arteriosclerotic heart disease with decom 
pensation. It was suggested that the cardiac findings did not explain the clinical 
picture entirely. 

Summary.—There was a combination of emphysema, hypertensive and arterio- 
sclerotic heart disease and pulmonary arteriolar sclerosis (grade 3) 

Case 12.—The patient was a man aged 51 who had been a coal miner for 
thirty years. Nine years before he came to the clinic he began to suffer from 
dyspnea on exertion. This became so severe that he was obliged to stop work four 
years later. At that time he had attacks of choking at night; the choking was 
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relieved when he slept on his abdomen. At the same time pain developed in the 
upper part of the abdomen; it extended to the back and was associated with 
much nausea and vomiting. Two months later a cholecystectomy was performed 
because of the pain, but no details are available as to what was observed at that 
time. Two years before the patient came to the clinic he had a pulmonary hemor- 
rhage. Eighteen months later he first noted edema of the ankles; at the same 
time an increase in the severity of the dyspnea and a recurrence of the abdominal 
pain were noted. His condition had become progressively worse. When he came 
to the clinic there was evidence of marked congestive heart failure. Examination 
disclosed massive edema, ascites, rales at the bases of the lungs, congestion of the 
liver and clubbing of the fingers. A systolic bruit was audible at the apex, and 
the pulmonic second sound was accentuated. The electrocardiogram revealed right 
axis deviation. These findings led the clinician to make a diagnosis of disease 
of the mitral valve. The interference with pulmonary ventilation was so great, 
however, that it was considered to be the result of emphysema rather than the 
result of the valvular heart disease. The value for the systolic blood pressure 
was 120 mm. of mercury and that for the diastolic pressure was 80 mm. The 
value for hemoglobin was 16.3 Gm. per hundred cubic centimeters of blood, and 
the erythrocytes numbered 5,680,000 per cubic millimeter of blood. The patient 
failed rapidly, in spite of the usual methods of treatment. 

Summary.—The presence of emphysema was confirmed at necropsy, and there 
was arteriolar sclerosis (grade 4) of the pulmonary arterioles. 


Comment on Cases in Group 3.—The typical picture seen in this third 
group of cases may be described as follows: In all the cases there was 
a history of dyspnea on exertion: the dyspnea had been present for 
several years and often had been initiated or, at any rate, aggravated 
by an intercurrent infection of the upper part of the respiratory tract. 
In two cases seasonal asthmatic attacks had occurred for several years. 
In some cases dyspnea was the only symptom for a time, but it was 
usually progressive; in some cases it was rapidly so. Distress in the 
upper part of the abdomen frequently was present and unquestionably 
was evidence of early congestive heart failure. Once objective evidence 
of congestive heart failure became manifest, the course proceeded rather 
rapidly down-hill; coughing became a troublesome symptom, edema 
became massive and dyspnea became extreme. Cyanosis should occur 
relatively early, but in this group of cases the patients were not seen 
at this stage of illness. In the final stages the signs of marked venous 
congestion and cyanosis were much in evidence, the patients became 
irrational and a semicomatose condition ushered in death. While in most 
respects this is the picture of failure of the right side of the heart, there 
are some rather interesting differences, namely, the rapid decline in the 
last phases and the almost entire lack of response to therapy which 
ordinarily affords at least temporary relief and often effects a dramatic 
diuresis, with resulting subjective improvement in cases of purely myo- 
cardial decompensation. Finally, the most important feature in these 
cases was the lack of correlation between the ascertainable cardiac 
changes, on the one hand, and the degree of physiologic derangement, 
























5 means * Se 



























aR ae 





pore yeh 



















BP ae: 









<a e: 








ee os oer Om ee ee 































ARTERIOLAR SCLEROSIS 





K AUMP-DRY—PULMONARY 
on the other. It is unusual for cardiac disease to be fatal in its first 
break of compensation if any reasonable therapy is combined with rest 
in bed. In only one case was there a history of congestive heart failure 
in which the patient responded satisfactorily to treatment a year before 
coming to the clinic. In this case there was also calcareous aortic steno- 
sis, which might well have been the ‘cause of the decompensation at that 
time. After a “cold” a second break in compensation occurred and ter- 
minated in a manner similar to that in the other cases in this group. 
Further analysis of this group discloses that in each case an addi- 
tional factor was present. In practically every instance the attending 
clinician commented on the fact that the heart disease seemed insufficient 
to account for all the clinical manifestations present. 
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The whole matter might be dismissed with the inference that the 
coexistence of more than one pathologic process is in itself an adequate 
explanation. While this, in the main, is true, the problem of evaluating 
the relative significance of each individual factor concerned is as impor- 
tant as the recognition of its presence. 

In an attempt to evaluate the effects of disease in the cardiac and 
pulmonary systems, it is well to review the mechanisms which produce 
the resulting symptoms. 

The Mechanism of Congestive Heart Failure—Congestive heart 
failure results from a set of circumstances which cause the heart as 
a pumping organ to fail to supply blood in adequate amounts to meet 
the demands imposed by the daily activities of the patient. In other 
words, the heart fails to transfer blood effectively from the venous to 
the arterial side, so that pressure within the venous system is increased 
and as a result of increased venous pressure the speed of the blood 
flow diminishes, stasis occurs and edema develops. Except in the earliest 
stages of heart failure, this increased venous pressure can be elicited 
clinically. It is conceivable that when the cardiac reserve begins to be 
diminished, the lungs play a compensatory role by opening up the capil- 
lary bed in an attempt to increase the ventilating function. There is 
a great deal of evidence to show that the pulmonary vascular bed can 
expand and contract as required.® In the later phases of congestive 
heart failure, with the development of edema, there is actually an inter- 
ference with gaseous exchange. The cardinal symptoms of heart failure, 
5. Wearn, J. T.; Barr, J. S., and German, W. J.: The Behavior of the 
Arterioles and Capillaries of the Lung, Proc. Soc. Exper. Biol. & Med. 24:114-115 
(Nov.) 1926. Drinker, C. K.; Churchill, E. D., and Ferry, R. M.: The Volume 
of Blood in the Heart and Lungs, Am. J. Physiol. 77:590-624 (Aug.) 1926. 
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dyspnea, cyanosis, cough and diminished vital capacity, are also the 
symptoms of pulmonary disease, but the mechanism of their production 
is entirely different in these diseases. 

The Mechanism of Pulmonary Failure—The main function of the 
pulmonary system is to oxygenate venous blood. As one speaks of “car- 
diac reserve” and its loss in heart disease, it is convenient to speak of 
“pulmonary reserve,” with the implication that the lung is able to become 
accommodated to varying amounts of work and that when it becomes 
diseased, or when its function is otherwise interfered with, there will 
be a loss of pulmonary reserve until a stage is reached at which the lungs 
can supply oxygen to venous blood at only a much retarded speed. Even 
if the heart is circulating blood at a normal or at even an increased 
speed, there will still be a relative deficiency of oxygen and hence 
dyspnea, for the immediate cause of dyspnea, no matter how it is pro- 
duced, is a lack of oxygen in the tissues. Any process which interferes 
with the flow of oxygen to the alveoli of the lungs will have exactly 


the same effect as it did in case 5. 


The Cardiorespiratory System as a Functional Unit.—The cardio- 
respiratory system may well be considered as a functional unit. It is 


evident that the cardiac pump and the ventilating lung are functionally 
inseparable. It is interesting to visualize the simple arrangement in the 
fish. The heart, which contains only venous blood, discharges its con- 
tents by a system of afferent vessels into and through the gills, where 
gaseous exchanges occur. A corresponding group of efferent vessels 
conducts the oxygenated blood to the systemic circulation. The human 
cardiorespiratory system, while it is a complicated mechanism anatom- 
ically, corresponds to the same simple plan functionally. Thus, the right 
side of the heart discharges the venous blood into the lungs. The arteri- 
olar system is interposed between the heart and the alveolar system; 
the radicles of the pulmonary vein and the left side of the heart con- 
stitute the efferent system and distribute the oxygenated blood to the 
systemic circulation. It is important to consider the nature of these 
components and the manner in which their function is affected. 
Afferent System: The right side of the heart and the pulmonary 
vessels are seldom the seat of primary disease. Disease of the tricuspid 
valve, pulmonic stenosis and abnormal shunts of blood associated with 
congenital leions may throw added strain on the right ventricle and 
adhesive pericarditis may interfere with its function. Any disease in 
the pulmonary system or in the left side of the heart which will increase 
venous pressure will inevitably cause strain of the right ventricle, and 
if it lasts long enough it will cause failure of the right ventricle. 
Arteriolar System: We are presenting further evidence that arterio- 
lar sclerosis is a definite pathologic entity and that it can occur as an 
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independent lesion in varying degrees of severity. Even less is known 
about its cause and its incidence than is known about the corresponding 
lesion in the greater circulation. That the right side of the heart can 
become adapted to the resistance arising from the presence of arteriolar 
sclerosis is well illustrated by the four cases in which, despite marked 
arteriolar changes in three and associated hypertrophy in the right ven- 
tricle in all but one, there was no appreciable deficiency in pulmonary 
circulation. While it did not occur in our series, failure of the right side 
of the heart may occur as a result of pulmonary arteriolar sclerosis alone, 
and it corresponds to what has been termed primary pulmonary vascular 
sclerosis. 

Alveolar System: Changes in the bony thorax, mechanical pressure 
on the air passages, gross destruction of parts of the lungs and struc- 
tural changes in the bronchi, such as occur in chronic bronchitis, prevent 
a sufficient supply of air from reaching the alveolar system. By far the 
most important cause of diminished gaseous exchange in the lungs, 
however, is emphysema, which, in fact, is frequently associated with the 
conditions that have just been mentioned. The manner in which emphy- 
sema breaks down pulmonary reserye is essentially by diminishing the 
ventilating surface of the lungs. 

It is rather universally believed that emphysema interferes with the 
pulmonary circulation, in the sense that it obstructs the current of blood 
in its course through the lungs, and that the hypertrophy of the right 
ventricle associated with emphysema is evidence of this obstruction. 
That the velocity of the flow of blood through the lungs is not neces- 
sarily slowed in emphysema has definitely been shown by Weiss and 
Blumgart.® In fact, they have stated reasons for the belief that it might 
even be accelerated in some cases, which indicates that increased activity 
of the right ventricle is a purposeful mechanism that will serve to main- 
tain a high minute volume flow and thereby help to compensate for the 
insufficient ventilation. This they suggested as an explanation for the 
hypertrophy of the right ventricle that sometimes occurs in emphysema. 
In this connection it is noteworthy that Alexander * observed that hyper- 
trophy of the left ventricle was an almost constant accompaniment of 
the hypertrophy of the right ventricle that was associated with emphy- 
sema. This phenomenon is difficult to explain on any other basis than 
that the left ventricle also is operating under strain. We venture the 


suggestion that the cases of emphysema in which congestive heart failure 


6. Weiss, Soma, and Blumgart, H. L.: Studies on the Velocity of Blood 
Flow: VIII. The Velocity of Blood Flow and Its Relation to Other Aspects of 
the Circulation in Patients with Pulmonary Emphysema, J. Clin. Investigation 
4:555-574 (Oct.) 1927. 

7. Alexander, H. L.: Emphysema, Proc. Staff Meet., Mayo Clin. 10:377-384 
(June 12) 1935. 
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has been reported may not have been sufficiently studied to exclude 
arteriolar changes or that there may have been other factors aiding 
the mechanism which was crippling the cardiorespiratory reserve. It 
is especially significant that in the group of cases of emphysema studied 
by Weiss and Blumgart there was no increase in venous pressure except 
when the condition was complicated by independent heart disease. Inter- 
preting their results conservatively, therefore, it seems that if increased 
resistance is offered to the lesser circulation by emphysema, it is seldom 
sufficient to cause embarrassment of the right side of the heart. 

Efferent System: The left side of the heart, or the efferent system, 
which distributes oxygenated blood throughout the entire greater circu- 
lation, is frequently the seat of organic disease, such as disease of the 
mitral and aortic valves, coronary sclerosis and hypertension. When 
its reserve is decreased so that it can no longer effectively propel the 
column of blood it receives from the pulmonary circuit the latter system 
becomes embarrassed, and its function is markedly altered. 

We wish to point out that the pulmonary system can become adapted 
to increased work, but always at the expense of its reserve. When 
factors are already present, such as ventilating difficulties, irrespective 
of the cause, and when vascular disease, such as arteriolar changes, is 
present, the point at which the reserve is exhausted is rapidly reached. 
The complete breakdown of the two systems is compatible, at the most, 
with a limited existence and extreme discomfort. 


CLINICOPATHOLOGIC CONCEPTION OF PULMONARY ARTERIOLAR 
SCLEROSIS 

We believe that one type of pulmonary arteriosclerosis is the counter- 
part of arteriolar sclerosis in the greater circulation and that no matter 
how it is produced it is associated with hypertension in the lesser cir- 
culation. The degree of sclerosis and the degree of hypertrophy of the 
right ventricle correspond as closely as do sclerosis of the systemic 
arterioles and hypertrophy of the left ventricle. In both instances one is 
dealing with systems endowed with considerable reserve, so that func- 
tional efficiency can be maintained for a long time in spite of extra 
strain. 
This type of pulmonary arteriolar sclerosis is a diffuse process 
throughout the lungs, corresponding to diffuse sclerosis in the systemic 
circulation. It interferes mechanically with the flow of blood through 
the pulmonary circuit unless the pressure behind it is enough to over- 
come this peripheral resistance. This is only a compensatory mechanism 
and, like all compensatory mechanisms, will be adequate for a certain 
period—sometimes almost indefinitely. Moreover, like other compensa- 
tory mechanisms, it curtails that quality of variability in function which 
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characterizes normally functioning organs; that is, it is working at full 
capacity at all times. If the lesser circulation has only its own problems 
to contend with, it is remarkable how efficiently it can continue to func- 
tion. The last straw from extraneous sources which will tip the scale 
against it need not be of appreciable dimensions. These facts are amply 
exemplified by even this small group of cases. 


SUMMARY 

The vascular diseases of the pulmonary arterial tree have many 
features in common with those of the general circulation. Some evidence 
of microscopic sclerosis is present in one or the other of the divisions 
of the pulmonary tree in practically all adults. It increases with age 
and especially in conditions associated with increased pressure in the 
lesser circulation. Atherosclerosis of the pulmonary artery and its larger 
branches seldom interferes appreciably with the mechanics of the circu- 
lation except, perhaps, so far as it occurs at the expense of the normal 
elasticity of the vessels. Sclerosis which involves the small muscular 
arteries (or arterioles) of the pulmonary circulation and its effects have 
not been sufficiently distinguished from similar changes in the larger 
branches of the pulmonary artery. A certain degree of microscopic 
arteriolar sclerosis must be regarded as a normal accompaniment of 
physiologic aging. 

There is a separate entity, however, in which diffuse sclerosis of 
varying degree occurs throughout the arteriolar system of the entire 
lesser circulation and is comparable to a similar process in the systemic 
circulation. In the pulmonary circulation, too, the question as to whether 
these changes are primary or the result of other states of abnormal 
physiology is unsettled. It is usually associated, at any rate, with hyper- 
trophy of the right ventricle. The entire vascular system seems to be 
endowed with a considerable reserve, for this type of arteriolar sclerosis 
does not necessaily cause circulatory embarrassment. When it does and 
when there is no apparent cause for it, such as cardiac or pulmonary 
disease, the term primary pulmonary vascular sclerosis has usually been 
applied to it. In our opinion this is merely an extreme degree of arterio- 
lar sclerosis, and the atherosclerotic changes in the pulmonary artery 
itself when present are probably secondary to the pulmonary hyperten- 
sion associated with the arteriolar sclerosis. Similar changes in the 
pulmonary artery and its main subdivisions have been known for years 
to occur in cases in which pulmonary hypertension was attributable to 
other causes, for example, mitral stenosis. We believe that it will clarify 
the problem considerably if the term pulmonary arteriolar sclerosis is 
substituted for the term primary pulmonary vascular sclerosis. 

In all except three of the sixteen cases in which only the pulmonary 


artery and its main branches showed atherosclerotic changes, hyper- 
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trophy of the right ventricle was absent ; in two of these three cases there 
was mitral stenosis, and in the third case there was no adequate explana- 
tion for the hypertrophy of the right ventricle. 

We studied thirteen cases in which there were varying degrees of 
diffuse pulmonary arteriolar sclerosis. Hypertrophy of the right ven- 
tricle was present in eleven of these cases. In twelve cases clinical details 
were available, and their study revealed that in four cases (in three of 
which the sclerosis was marked) there were no cardiorespiratory symp- 
toms, except as terminal phenomena. The patients died of unrelated 
causes. In one case there was a huge substernal goiter, and death fol- 
lowed its surgical removal. In this case there was no evidence of con- 
gestive heart failure. In the remaining seven cases the clinical picture, 
which was strikingly uniform in its evolution and final outcome, con- 
sisted essentially of dyspnea, which had been present for varying 
periods, and ended in a dramatic type of extreme congestive heart failure 
with cyanosis. There was an entire lack of response to treatment. In 


every instance an additional factor, either cardiac or pulmonary, was 


present, but at the same time it was not sufficiently advanced to be a 
satisfactory explanation for the presence of the extreme degree of 
physiologic derangement. 
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SEVERE ANEMIA OF APLASTIC TYPE ASSOCIATED 
WITH SCLEROSIS OF THYROID GLAND 


R. H. JAFFE, M.D.+ 
CHICAGO 


' described a sclerosing disease of the 


In a previous publication | 
thyroid gland which affects elderly women and is associated with marked 
hypochromic or hyperchromic anemia. Since the patients do not show 
signs of myxedema, the grave disturbance of the thyroid gland is likely 
to be overlooked unless a basal metabolism test is made. The lack of 
response to liver or iron medication then leads to the conclusion that 
one is dealing with an obscure primary anemia which cannot be classi- 
fied. Study of the structure of the blood cells and of the hemoglobin 
metabolism does not help much in gaining any definite information as 
to the nature of the anemia, and in the terminal stage a blood picture 
may develop which is suggestive of aplastic anemia. The recent obser- 
vation of an additional case that falls into this group induces me again - 
to emphasize the importance of endocrine disturbances, particularly 


insufficiency of the thyroid gland, in the pathogenesis of obscure anemia. 


REPORT OF A CASE 

History—At the age of 50 years the patient, a married woman, attended an 
outpatient clinic because of obesity. At that time she weighed 231% pounds 
(105 Kg.), having gained 35 pounds (16 Kg.) in two years. She complained 
also of occasional sharp headaches, nervousness, twitching of muscles, especially 
of the face, and slight loss of control of the urinary bladder. The record referred 
to myxedema, with a question mark. The blood pressure was 170 systolic and 
90 diastolic, and the basal metabolic rate was minus 32.8 per cent. With thyroid 
medication and a proper diet the patient’s condition improved markedly, her 
weight dropped to 201% pounds (91 Kg.) within three months and the record 
stated that she looked like a different woman.? Later she failed to visit the clinic, 
and no further information could be obtained concerning her condition. 

Three years later, at the age of 53, she entered the Cook County Hospital, 
stating that she had been in fair health until three months before entry, when 
she contracted the “flu.” She noticed general aching, fever and chills and had a 
slight nonproductive cough. Three weeks prior to entry she had rather severe 
diarrhea, which lasted for three days. She had been losing weight and experi- 
encing a slight burning sensation on urination. She had also had several fainting 
spells. She had passed through the menopause at the age of 50 and had three 
children, all living and well. 


+ Dr. Jaffé died on Dec. 17, 1937. 

From the Department of Pathology of the Cook County Hospital. 

1. Jaffé, R. H.: Chronic Thyroiditis, J. A. M. A. 108:105 (Jan. 9) 1937. 
2. The foregoing data were supplied by the St. Luke’s Hospital. 
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Physical Examination—Physical examination revealed an obese woman who 
appeared acutely ill. The temperature was 103.2 F., the pulse rate 104, the 
respiratory rate 20 and the blood pressure 114 systolic and 68 diastolic. The 
skin was pale but elastic and moist, and there was no anomaly of the hair growth. 
The thyroid gland could not be palpated. The peripheral lymph nodes were not 
enlarged. Examination of the heart did not disclose any abnormal findings. 
There was slightly impaired resonance over the base of the lower lobe of the left 
lung, with moist rales in this region. On palpation there was slight tenderness 
in both lower quadrants of the abdomen. The spleen and liver could not be felt. 


Laboratory Findings—The urine contained much albumin and many pus cells 
and degenerated epithelial cells. The urea nitrogen content of the blood was 16.8 
mg.’ per hundred cubic centimeters, and the icterus index was 5.35. The Kahn 
test was negative. Cultures of the blood remained sterile. 

The hemoglobin content of the blood was 33 per cent (Sahli), and the erythro- 
cyte count was 1,440,000. The color index was 1.1. There were 700 white blood 
cells, of which 79 per cent were lymphocytes, 14 per cent monocytes and 7 per cent 
neutrophilic leukocytes. Slight anisocytosis and poikilocytosis were noted, and 
2 normoblasts were found per hundred white blood cells. The platelets were 
so small and scanty that they could not be counted. 

Diagnosis —The differential diagnosis rested between aplastic anemia, aleukemic 
leukopenic leukemia and anemia due to thyroid deficiency. The patient’s condition 
did not permit repeating the basal metabolism test. 

Course.—The patient received many blood transfusions, a proprietary prepara- 
tion of fresh liver and a diet rich in liver. After each transfusion she showed 
some improvement, with slight signs of regeneration of the blood. The red cell 
count temporarily increased to 2,410,000 and the white cell count to 1,550. In 
the second week of her stay in the hospital aspiration of sternal bone marrow 
was made, and study showed a total cellularity of about 105,000 nucleated cells 
per cubic millimeter. The differential count showed: myeloblasts, 0.4 per cent; 
neutrophilic myelocytes, 10.8 per cent; staff nucleated neutrophils, 2.4 per cent; 
mature neutrophils, 1.2 per cent; eosinophilic myelocytes, 0.4 per cent; erythro- 
gonia (proerythroblasts), 5.2 per cent; erythroblasts, 21.2 per cent; normoblasts, 
35.2 per cent; lymphocytes, 3.6 per cent; monocytes, 4 per cent; megakaryocytes, 
0.4 per cent, and large deeply basophilic cells, 15.2 per cent. The deeply basophilic 
cells resembled erythrogonia. The structure of the nucleus may be described as 
halfway between that of a hemocytoblast and that of an erythrogonium. The 
cytoplasm of these cells as well as that of many other young cell forms revealed 
striking vacuolation (fig. 1). The erythroblasts and normoblasts, however, were 
not affected by the vacuolation. The neutrophilic leukocytes were small, with 
poorly defined granulation and abnormally lobulated nuclei. The result of biopsy 
of the bone marrow may be summarized as showing diminished activity, with 
marked depression especially of granulopoiesis. The erythropoiesis went back 
to very young forms, which revealed evidences of toxic alteration (vacuolation). 
The diagnosis still remained doubtful. 

The patient received daily injections of liver extract, which did not seem to 
have much effect. The temperature remained high and septic. She became 
irrational and died three weeks after admission to the hospital. 


Gross Necropsy Observations ——At the time of death the patient weighed 79 
Kg. The body length was 175 cm. There were no signs of myxedema. Marked 
generalized anemia and focal bronchopneumonia were noted in the upper and lower 
lobes of the left lung. In the region of the trigon of the urinary bladder the 
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leeply injected mucosa was covered by adherent granular membranes that were 
ight grayish brown. The heart weighed 335 Gm., and the myocardium was pal 
and friable. The weight of the spleen was 285 Gm.; that of the liver, 1,910 Gm., 
ind that of the kidneys, 345 Gm. The pancreas weighed 85 Gm., the adrenal 
elands, 16 Gm. and the brain, 1,160 Gm. The hypophysis measured 15 by 10 by 6 
mm. The bone marrow of the femur was soft and light purple-red 

Dissection of the soft parts of the neck revealed no definite thyroid gland. 


In place of the gland there was a soft thin and flat plate which measured 4 mm. in 


thickness, weighed 7 Gm. and seemed to fuse with the surrounding fat tissue. 
Microscopic Observations —The plate which was present in place of the thyroid 


eland was composed of dense fibrillar connective tissue which enclosed islands 


Fig. 1—Smear of aspirated sternal bone marrow stained according to the 
Wright method; x 1,200. Note the two very young erythropoietic cells and the 
monocyte with vacuolation of the cytoplasm. A large, basophilic erythroblast 
and two normoblasts are free from vacuoles. 


of fat tissue. This connective tissue passed without a definite border into the 
surrounding fat tissue. Here and there a circumscribed accumulation of small 
lymphocytes with a few plasma cells was noted, arranged about small 
groups of cuboidal and polygonal cells with an ample, finely granular and pinkish 
stained cytoplasm and oval, deeply stained and relatively small nuclei which were 
often crenated (fig. 2). With sudan III stain the cytoplasm of these cells became 
light brown. An occasional group of cells enclosed a small drop of pale colloid. 
3ecause of the extreme shrinking of the gland the arteries came to lie close 
together (fig. 3). The walls of these arteries were moderately thickened and 
often infiltrated by fine lipid granules. 
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The bone marrow of the femur was 17 per cent cellular. There were many 
extravasations of blood, and the red cells varied in size and staining qualities. 
Some of them were rich in hemoglobin; others were brownish and gave a diffuse 
reaction to stain for iron. The reticulum cells were swollen and often contained 
red blood cells and normoblasts. The bone marrow cells formed small isolated 
and fairly compact islands of the following composition: neutrophilic myelocytes, 
7.8 per cent; eosinophilic myelocytes, 0.8 per cent; erythrogonia, 1.8 per cent; 

















Fig. 2.—Section of the thyroid gland, showing accumulation of lymphocytes 
about a distintegrating follicle; x 150. 


erythroblasts, 12.6 per cent; normoblasts, 72.8 per cent; plasma cells, 3.8 per cent, 
and megakaryocytes, 0.6 per cent. 

Of the other microscopic observations, mention should be made of the marked 
fatty infiltration and moderate hemosiderosis of the hepatic cells; the slight fatty 
degeneration of the myocardium and of the renal epithelium; the marked con- 
gestion and hemosiderosis and slight myeloid metaplasia of the spleen; the atrophy 
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of the ovaries, with many albugineous corpora and iron deposits around them, 
and the decreased lipid content of the adrenal cortex. The parathyroid glands 
and the pancreas were not unusual. In the anterior lobe of the hypothesis the 
basophilic cells which predominated were often vacuolated. The intermediary 
portion contained medium-sized colloid-filled follicles, and single cords of cells 
of the intermediary portion were seen extending for a short distance into th 
loose posterior lobe. 





Fig. 3—Section of the thyroid gland, showing advanced fibrosis, with the 
sclerotic arteries grouped together; x 150. 


Bacteriologic Examination —Culture of material taken from the spleen showed 
nonhemolytic streptococci, Staphylococcus albus and Bacillus coli. 


Anatomic Diagnosis—The diagnosis was advanced fibrotic atrophy of the 


thyroid gland, severe generalized anemia, necrotizing cystitis, infectious hyper- 
plasia and hemosiderosis of the spleen, fatty changes and hemosiderosis of the 
liver, slight fatty degeneration of the myocardium and of the liver, focal broncho- 
pneumonia of the left lung and obesity. 
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COMMENT 

The question of anemia in myxedema has recently been well dis- 
cussed by Holbgll,* who stated that only in a few of the recent articles 
on myxedema has the condition of the blood been considered in detail 
(see also the article by Hatlehol*). He described the hematologic find- 
ings for twenty-eight patients with myxedema, all of whom were women 
from 35 to 64 years of age. In the majority of cases the basal metabolic 
rate was below minus 70 per cent. The anemia was of either hyper- 
chromic or hypochromic type, with color indexes between 0.8 and 1.31, 
hemoglobin readings between 50 and 90 per cent and erythrocyte counts 
between 2,500,000 and 4,500,000. In one case myxedema was combined 
with true pernicious anemia. Holbgll emphasized that the anemia of 
myxedema does not respond well to any form of antianemic treatment 
save thyroid medication, and he said he considered this specific response 
as indicating that the anemia is due to thyroid deficiency. 

The publications of Holbgll and of other investigators have shown 
that the anemia in myxedema is usually slight or of moderate degree, 
and it appears therefore that it is especially in the cases of thyroid 
deficiency without the signs of myxedema that the severe forms of 
anemia are encountered. Recently examination in vivo of the sternal 
bone marrow has been widely used, the main value of this method lying 
in the differentiation of true aplasia of the bone marrow from pseudo- 
aplasia (disturbance of maturation) and in the recognition of atypical 
leukemias. 

When I received the specimen of bone marrow from the patient 
with thyroid sclerosis, a week and a half prior to her death, she was in 
a septic state. Judging from the cell content of the aspirated bone 
marrow, the functional activity of the marrow was depressed, and this 
depression was evident also from the postmortem examination of the 
femoral bone marrow. There were no signs of so-called maturation 
arrest, a term which I feel is often misused in modern hematologic 
literature. All stages of maturation and differentiation were found side 
by side, and the erythropoiesis showed very immature forms, which may 
be designated as intermediary between the hemocytoblast and the eryth- 
rogonium stage. These young cells showed signs of toxic alteration, 
in the form of vacuolation of the cytoplasm, and at the time of death 
had disappeared from the marrow. The condition of the bone marrow 
therefore can be described as of diminished activity. 

The question may be raised whether the terminal septic condition, 
which could be traced to necrotizing cystitis, could account for the blood 
picture of aplastic anemia. One of my patients with sclerosis of the 


3. Holb¢ll, S. A.: Acta med. Scandinav. 89:526, 1936. 
4. Hatlehol, R.: Norsk mag. f. legevidensk. 92:453, 1931. 
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thyroid gland and with a similar blood picture, previously reported on, 


died of lobar pneumonia. However, the changes in the urinary bladder 
were too insignificant to account for the severe alteration of the blood 
picture, and I believe that the depression of the blood formation pre- 
disposed to and preceded the cystitis, as necrotizing inflammation of the 
mucous membranes is likely to develop in aleukocytic conditions. 

In this case, as in my previous cases of sclerosis of the thyroid 
gland, the other endocrine glands did not reveal any significant changes. 
The hypophysis was slightly enlarged, and the basophilic cells predomi- 
nated in the anterior lobe and showed increased vacuolation. The reports 
in the literature on the behavior of the hypophysis in acquired thyroid 
deficiency in men have varied. Some authors have referred to marked 
enlargement of the anterior lobe, while others have not recorded any 
abnormality. 

The microscopic observations permit the conclusion that the sclerosis 
of the thyroid gland developed from a diffuse lymphocytic infiltration 
of the gland, residues of which were still present in the form of lympho- 
cytic aggregations about degenerating follicles. There were no indica- 
tions of an infective nature of the process, and I am of the opinion that 
the condition was due to the excessive involution of the thyroid gland 
that takes place with advancing age, particularly in women. 


SUMMARY 
A case of severe anemia of aplastic type in an elderly obese woman 
is described which offered great diagnostic difficulties. At autopsy the 
thyroid gland was observed to have been completely replaced by dense 
scar tissue, and there were signs of depressed activity of the bone mar- 
row. The patient did not show symptoms of myxedema. Three years 


? 


prior to death the patient’s basal metabolic rate was minus 32 per cent. 














GONOCOCCIC ENDOCARDITIS 


A STUDY OF TWELVE CASES, WITH TEN POSTMORTEM EXAMINATIONS 


ROBERT H. WILLIAMS, M.D. 


NASHVILLE, TENN. 


According to the historical review by Newman, the first report of 
gonococcic infection involving the heart was published by Ricord, in 
1838, and the first investigator to recover gonococci from the blood 
stream was Rothmund, in 1889. Hewes,” in 1894, cultured gonococct 
from the blood of 2 patients with gonococcie arthritis. Thayer and 
Blumer,* in 1895, recovered the organism from the blood of a patient 
with endocarditis. 

Since the establishment of endocarditis as a definite complication of 
gonorrhea, over a hundred papers have appeared on this subject. Most 
of these have been reports of individual cases. Thayer,’ in 1922, 
reported 20 cases in which necropsy was performed at the Johns Hop- 
kins Hospital and reviewed the reports of 60 cases previously described. 
More recently reviews have been published by Stone,° Newman,’ 
McCants,® Kirkland,’ Hoffman and Taggart* and Solomon and _ his 
associates.° Estimates of the number of acceptable reports of cases 
have varied a great deal with different authors, depending on the criteria 
used in the diagnosis. arsner' stated, and Hoffman and Taggart 

From the Department of Medicine, Vanderbilt University Medical School. 

1. Newman, Albert B.: The Prognosis in Gonococcal Endocarditis, Am. Heart 
J. 8:821 (Aug.) 1933. 

2. Hewes, H. F.: Two Cases of Gonorrheal Rheumatism with Specific Bac- 
terial Organisms in the Blood, Boston M. & S. J. 181:515 (Nov.) 1894. 
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said they agreed, that “a case of gonococcal endocarditis must show the 
presence of gonococci in the blood or lesion to be accepted as such.” 
Other authors have observed less rigid diagnostic criteria. Almost all 
have agreed, however, that less than 150 authenticated cases have been 
reported. The purpose of this communication is to record an analysis 
of and comments on 12 additional cases of gonococcic endocarditis, in 
10 of which a postmortem study was made by my colleagues and myself. 


CLINICAL FINDINGS 

Incidence.—During the last twelve years there were admitted to the 
wards of the Vanderbilt University Hospital 12 patients (table 1) with 
gonococcic endocarditis, 10 of whom were examined post mortem. 
During this period 1,719 autopsies were performed. In 38 instances 
either acute or subacute endocarditis was present, the gonococcus being 
responsible in 10 cases, Streptococcus haemolyticus in 8, Streptococcus 
viridans in 7, a staphylococcus in 4, a pneumococcus in 2, the influenza 
bacillus in 2, unidentified organisms in 2, a diphtheria bacillus in 1, a 
paratyphoid bacillus in 1 and an unidentified streptococcus in 1. Thus 
it is seen that the gonococcus was the etiologic agent in 26 per cent of 
the cases and occurred about once in every 200 autopsies made as a 
routine. Thayer has stated the opinion that gonococcic endocarditis is 
not rare, since in 11 per cent of 176 instances of bacterial endocarditis 
(acute and subacute) he found the gonococcus. A streptococcus was 
present in 57 per cent of the remainder, a pneumococcus in 14 per cent, 
Staphylococcus aureus in 13 per cent, the influenza bacillus in 4 per 
cent and Staphylococcus albus in 1 per cent. In about 4 per cent of a 
series of patients with acute bacterial endocarditis studied in Boston ™ 
gonococci were found. Cabot,’* in an earlier study, said that he had 
failed to find an instance of gonococcic endocarditis in 1,906 necropsies 
on patients with heart disease, although 180 had some form of endo- 
carditis. 

Age.—The ages of our patients ranged from 19 to 69 years. It is 
of interest to note that 4 patients were over 50 years old. The average 
age was 36 years. Fifty-three of the 85 patients with “proved” gonor- 
rheal endocarditis whose cases were reviewed by Stone were between 
the ages of 15 and 35 years, although the extremes were 2 and 51 years. 


Sex.—There were 7 women and 5 men in our group. In Thayer’s 


group 72 per cent were males, and in Stone’s group 62,per cent 
(“proved” group) were males. i 


11. White, P. D.: Heart Disease, ed. 2, New York, The Macmillan Company, 
1937, p. 254. 

12. Cabot, Richard C.: Facts on the Heart, Philadelphia, W. B. Saunders Com- 
pany, 1926, p. 570. 





TABLE 1.—Summary of Clinical and Pathologic I 


Average 
Daily 
Interval Maxi- 
Since Duration Embolic mum Highest Hem: 
Primary of Phenomena Temper- White = globin 
Infee- Endo- ———_————_ ature, Cell Value, 
Case Race tion carditis Chills Cardiae Signs Petechiae Others F, Count Gi 


1 Ww 14 yr. 7 wk. Few Moderate enlargement; coarse sys- Many + 102.5 10,500 
plus tolic apical murmur widely trans- (some with 
mitted; systolic thrill over apex central 
necrosis) 


Many Moderate enlargement, with clas- Many 
sic signs of aortic insufficiency 


Loud, coarse systolic apical mur- 
mur, with short presystolie rumble; 
accentuated P2 wave 


Long, loud, rough systolic apical Few In femoral 
murmur and short presystolic artery “ervici 
Tumble femor 


Many Typical signs of aortic insuffi- Cere- y Maligtr 
ciency bral ? pelvie 

meruls 

cerebr. 


10 days J Typical signs of aortic insuffi- 0 { 1.0 |@ Maligt 
ciency cardia 

synov! 

> wk. 


Dull systolic apical murmur ; 53, Malig! 


thritis 


Typical signs of aortie insuffi- 
ciency 


Many Long, loud, rough systolic apical ) In femoral 2 Maligt 
murmur; accentuated Pz wave; artery cardia 
slight cardiac enlargement ne 

WK. 

Maligt 


Long, loud, harsh systolic murmur ee 
pid); 


over apex, transmitted to left 
axilla and over entire precordium; embol 
P2 wave accentuated jaund: 

subsid 


38wk.? 12days Many Wavy impulse over precordium; p 5,8 ) Maligt 
slight presystolic apical thrill; mod- rheum 
erate enlargement of left side; mod- sis an 
erately loud diastolic rumble over tion:+ 
apex; loud blowing apical systolic cervici 
murmur, well transmitted; classic amine 
signs of aortic insufficiency subsid 


14 wk. Many Wavy impulse over precordium; y + z Maligr 
slight cardiac enlargement; blowing glome! 
systolic apical murmur transmitted gitis;* 
over precordium and to left axilla atent 


* Due to gonococci. 
+ Main cause of death. 
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14.0 


11.0 


10.3 





for Twelve Patients with Gonococcic 


Clinical Impression 


Malignant endocarditis (mitral);* acute 
ardiac failure;t urethritis;* embolic glo- 
yerular nephritis; arthritis;* uremia 


Malignant endocarditis (aortic);* acute 
eardiae failure;t endocervicitis;* multiple 
arthritis* 


Malignant endocarditis (mitral);* multiple 
arthritis,* subsiding 6 wk. preceding death; 
acute glomerulonephritis; uremia t¢ 


Malignant endocarditis (mitral);* endo- 
cervicitis;* embolic glomerular nephritis; 
femoral embolism; uremia;t jaundice 


Malignant endocarditis (aortic);* chronic 
pelvic inflammatory disease;* embolic glo- 
merular nephritis; uremia; pneumonia; 
cerebral embolism t 


Malignant endocarditis (aortic);* acute 
cardiae failure;t endocervicitis;* teno- 
synovitis;* multiple arthritis,* subsiding 
3 wk. before death 


Malignant endocarditis (mitral);* ure- 
thritis;* acute nephritis; uremia + 


Malignant endocarditis (aortic);* acute 
cardiac failure;t chronic endocervicitis;* 
multiple arthritis;* tenosynovitis * 


Malignant endocarditis (mitral);* acute 
cardiac faflure;+ femoral embolism; chronic 
irethritis;* multiple arthritis,* subsiding 
5 wk. before death; jaundice 


Malignant endocarditis (mitral? or tricus- 
pid);* syphilitic cirrhosis of liver (?); 
embolie glomerular nephritis; uremia;+ 
jaundice; ascites; multiple arthritis,* 
subsiding 9 wk. before death 


Malignant endocarditis (mitral and aortic) ;* 
rheumatie heart disease, with mitral steno- 
sis and insufficiency; acute cardiac dilata- 
tion;+ multiple arthritis, subsiding;* endo- 
cervicitis;* early latent syphilis; arsphen- 
amine hepatitis, subsiding; jaundice, 
subsiding 


Malignant endocarditis (mitral);* embolic 
glomerular nephritis; uremia;+ salpin- 
gitis;* hepatitis with jaundice, subsiding; 
atent syphilis (seronegative) 


Endocarditis 


Chief Anatomie Diagnoses 


Autopsy not permitted 


Acute endocarditis (aortic), with rupture 
of cusps, abscess of wall of left ventricle 
and acute focal myocardial necrosis;* 
infarcts of spleen; acute endometritis; 
acute focal interstitial pancreatitis 


Acute endocarditis (mitral);* acute myo- 
earditis;* acute glomerular nephritis; acute 
splenitis; bilateral pleuritis with effusion; 
abdominal ascites 


Same as clinical impression, plus acute 
splenitis and infarction of spleen 


Acute endocarditis (aortic);* chronie ure- 
thritis;* intracapillary glomerular nephritis 


Acute endocarditis (aortic and mitral);* 
acute focal myocarditis;* septic infarcts 
of spleen and kidneys; embolic glomerular 
nephritis; embolic pneumonia; acute 
splenie tumor 


Acute endocarditis (mitral);* septic 
infarcts of myocardium, spleen, kidneys; 
acute intracapillary glomerular nephritis; 
acute urethritis; acute focal pancreatitis; 
acute splenitis 


Acute endocarditis (aortic);* acute focal 
myocarditis; acute pelvic peritonitis; 
chronic endocervicitis;* subacute intra- 
capillary glomerular nephritis; acute sal- 
pingitis; infarcts of spleen; acute splenitis; 
acute embolic pneumonia 


Acute endocarditis (mitral);* femoral 
thrombosis; acute focal glomerular ne- 
phritis; acute and chronic prostatitis; 
central necrosis of liver 


Acute endocarditis (mitral);* cirrhosis of 
liver; syphilitic infarcts in spleen; jaun- 
dice; ascites; embolic glomerular nephritis 


Endocarditis (aortic), with rupture of 
cusps, abscess of interventricular wall and 
acute focal myocardial necrosis;* healed 
rheumatic endocarditis of mitral and 

aortic valves, with insufficiency; acute 
splenitis; chronic interstitial] hepatitis; 
early portal cirrhosis; recent necroses in 
liver (arsphenamine ?); chronic endocervicitis 


Autopsy not permitted 


Bacteriologie Findings 


Gonococei obtained from urethra 
and knee; 3 sterile blood cultures 


Gonococci obtained from cervix, 
endometrium, 2 blood cultures 
(ante mortem) and aortic valve 


Gonococci obtained from blood ¢ul- 
ture (ante mortem) and vegetation 
on cardiac valve (smear) 


Gonococci obtained from cervix and 
4 blood cultures (ante mortem) 


Gonococci obtained from cervix and 
by smear and culture of vegetation 
on cardiac valve; 4 sterile antemor- 
tem blood cultures 


Gonococei obtained from cervix and 
blood culture (ante mortem) 


Gonococci obtained from blood cul- 
ture (ante mortem) and from vege- 
tation on cardiac valve (smear) 


Gonococc! obtained from cervix and 
vegetation on cardiac valve 
(smear); 7 sterile blood cultures 


Gonococci obtained from 2 blood 
eultures (ante mortem) and vege- 
tation on cardiac valve (smear) 


Gonococei obtained from 3 blood 
cultures (ante mortem) 


Gonococci obtained from cervix, 3 
blood cultures (2 ante mortem and 
1 post mortem) and smear of vege- 
tation: positive complement fixa- 

tion of serum for gonococci 


Gonococei obtained from blood cul- 
ture (ante mortem); positive com- 
plement fixation of serum for 
gonococci 
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Race.—Two of our 12 patients were Negroes. Thayer found the 
white and the Negro race equally represented in his series. 

Onset of Endocarditis in Relation to Primary Infection—The rela- 
tion of the onset of endocarditis to the primary infection was not known 
in 7 instances, but in 5 the interval could be ascertained and was found 
to vary from three weeks to fourteen years. There was uncertainty 
as to the relation in 15 of Thayer’s 22 patients. Some patients were 
not aware of ever having had genito-urinary infection. In others the 
symptoms of the initial infection had subsided many years previously. 

Coexisting Arthritis—Nine of our patients with gonococcic endo- 
carditis had coexisting gonococcic arthritis. In 6 the arthritis lasted 
only a few days. Arthritis occurred in 31 per cent of Thayer’s patients, 
whereas this condition was present in 68.5 per cent of the 54 patients 
whose cases he reviewed. Thayer’s studies and our experience indicate 
that the clinical manifestations of arthritis usually precede those of 
endocarditis, but at times they may develop concomitantly. Sometimes 
the arthritis is migratory and subsides without apparent sequelae. At 
times only one joint may be involved, but more commonly in our experi- 
ence multiple arthralgia occurs, followed by localization in one or two 
joints. When the latter develops, the affected joints show exquisite 
tenderness, erythema, swelling and the other characteristics of acute 
suppurative arthritis. Tenosynovitis is frequently associated with the 
arthritis. Indeed, the inflammatory reaction often is predominantly peri- 


articular. The joints most commonly affected in our patients were the 
knees, ankles and wrists. 


Petechiae.—Seven of our 12 patients exhibited petechiae during the 
course of the illness. The lesions varied in size from minute spots to 
areas 1 cm. in diameter. The latter occasionally exhibited central areas 
of necrosis. The petechiae sometimes occurred in repeated crops, but 
in several instances they appeared early in the course of the disease and 
did not reappear. Thayer observed petechiae in 7 of his 22 patients; 
and Stone, in 21 of his group of 77. 

Other Embolic Phenomena.—Evidence of arterial embolism was 
observed frequently at necropsy but less often clinically. In our series, 
2 patients had embolism of the femoral artery, and 1 probably had 
cerebral embolism. There were 7 instances of acute nephritis which 
was regarded as being of embolic origin. Thayer observed embolic 
phenomena in two thirds of his patients. Stone reported embolic hemi- 
plegia in 8 of 77 patients and other embolic manifestations in 20. It 
should be emphasized that embolic phenomena are extremely important 
when it is being ascertained whether in a given case gonococcemia is 
associated with endocarditis, and they are also of aid in the determina- 
tion of which valves are involved. The commonest sites of lodgment 
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are the skin, conjunctivae, kidneys, spleen, lungs, brain and cardiac 
muscle. 

Chills.—Chills occurred in all our patients. In 11 they were fre- 
quent. Chills occurred during the course of the disease in 63 per cent 
of Thayer’s patients. Both gonococcemia without endocarditis and 
gonococcic endocarditis pursue a “septic course,” characterized by chills, 
sweats, remittent or intermittent fever and other symptoms of sepsis, 
but when endocarditis is present the temperature rises higher, and the 
chills are more frequent and last longer. In our patients fluctuations in 
temperature of as much as from 8 to 10 degrees F. commonly occurred, 
and in 6 instances “double peaks” were present almost daily. Horder 
and Gow ** said they regarded the daily occurrence of a temperature 
curve with “double peaks” as suggestive of gonococcic septicemia. 

Signs of Cardiac Involvement.—The pulse rate was usually rapid. 
The volume, of course, depended on which valve was involved. Three 
patients had moderate enlargement of the heart, 2 had slight enlargement 
and 7 had no enlargement. Most of the patients with mitral involve- 
ment exhibited long, loud, harsh systolic murmurs, transmitted over a 
wide area. Three of these also had faint presystolic rumbles. The 
patients with involvement of the aortic valve exhibited the classic cardiac 
and peripheral signs of aortic insufficiency. The signs of progressive 
valvular destruction were detectable in some of our patients, and in 2 
instances a diagnosis of rupture of aortic cusps was correctly made 
ante mortem. 

Changes in the quality, intensity and transmission of the murmurs 
are most important in the decision as to whether a given murmur is 
functional, due to an old valvular lesion or due to acute endocarditis. 
The appearance of a diastolic murmur or an unmistakable change in 
quality and timing of systolic murmurs during observation of the 
patient is strongly suggestive of acute endocarditis. 

Signs of cardiac failure when present in any of the patients in our 
series did not appear until the last hours or days of life; in several 
instances there were none. 

Electrocardiograms.—Electrocardiograms were made for 10 of the 
patients. In 2 there were no abnormalities. In 1 there was evidence 
of bundle branch and arborization block and extensive myocardial 
damage. In 6 patients low voltage of the QRS complex and a depressed 
T wave were noted; and in 4 of these patients slurring and notching 
of the QRS complex were exhibited. In 1 case depression of the T 
wave in lead I and inversion in leads II and III were noted. 


13. Horder, Thomas, and Gow, A. E.: Essentials of Medical Diagnosis, Balti 
more, William Wood & Company, 1930, p. 624. 
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Duration of Endocarditis—The duration of endocarditis in our 
patients is estimated as varying from ten days to fourteen weeks, with 
an average of five and one-half weeks. It was three weeks or less in 
5 instances. Peters and Horn ** reported an instance in which death 
occurred five days after the clinical appearance of cardiac involvement. 
Thayer found that the chronicity of bacterial endocarditis could be 
related to the etiologic agent involved, the gonococcic form occupying 
a midposition between the acute fulminant endocarditis associated with 
the hemolytic streptococcus, pneumococcus and staphylococcus and the 
subacute process which is usually associated with Str. viridans and the 
influenza bacillus. 

Blood.—There was usually outspoken leukocytosis, which at times 
was marked. The highest leukocyte counts for our series varied from 
10,500 to 53,700, with an average of 21,120. Thayer found the leuko- 
cyte count to be above 20,000 for 14 of his 22 patients, and Stone found 
the highest count to be above 26,000 for 18 of 37 patients. 

With the progression of the disease the values for hemoglobin under- 
went steady and sometimes marked decline. The lowest individual 
estimations of the hemoglobin value for our group varied from 4 to 14 
Gm. per hundred cubic centimeters of blood, with an average of 8.6 Gm. 
Stone found the hemoglobin value to be below “50 per cent” for 13 of 19 
patients studied by him. 

Renal Complications.—Acute nephritis is one of the commonest com- 
plications of gonococcic endocarditis. Its development is indicated by 
the presence in the urine of a moderate amount of albumin, together 
with red blood cells, white blood cells and casts. The renal changes 
usually do not occur until toward the last days or weeks of the disease, 
but not infrequently they progress rapidly. Seven of our 12 patients 
were regarded clinically as having complicating acute nephritis. For 
6 of these the nonprotein nitrogen content of the blood was over 80 
mg. per hundred cubic centimeters. Uremia was the main cause of 
death in 5 instances. Thayer encountered nephritis in most of his 
patients, and it was present in 37 of the 85 (“proved”) instances of 
gonococcic endocarditis reviewed by Stone. It is usually of an embolic 
glomerular or intracapillary type. At times the occurrence of renal 
infarcts, with resulting hematuria and albuminuria, may lead to 
confusion. 

ANATOMIC OBSERVATIONS 


Pericarditis was not observed in any of the patients of our series. 
Thayer encountered this condition post mortem in 4 and Stone in 13 
instances. It was usually of a purulent type. 


14. Peters, H. L., and Horn, B.: Malignant Ulcerative Gonococcic Endocar- 
ditis, J. A. M. A. 102:1924 (June 9) 1934. 
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Areas of focal necrosis in the myocardium, sometimes amounting to 
true miliary abscess formation, were present in 6 of our patients. 
Extravasation of blood into the myocardium was seen in 1 case. 

The relation of these observations to the electrocardiographic 
studies is interesting. For 3 of the 6 subjects exhibiting myocardial 
lesions at autopsy the electrocardiogram was abnormal, for 1 it was 
normal and for 2 none was made. Three patients with an abnormal 
electrocardiogram exhibited no evidence of structural change in the myo- 
cardium at postmortem examination. There was slight dilatation of the 
cardiac chambers in a few instances, but there was little if any cardiac 
hypertrophy. These observations are in accord with those of Thayer. 

The valvular involvement consisted of varying degrees of erosion 
and ulceration of the leaflets, causing rupture of cusps in 2 instances. 
The vegetations were large, friable and grayish yellow and were com- 
posed of fibrin, leukocytes and gonococci. The lesions were confined 
to the valves on the left side of the heart in our 10 subjects. Five had 
mitral lesions, 4 had aortic lesions and 1 showed both aortic and mitral 
involvement. In the combined material of Kirkland and Thayer, based 
on 93 reports of cases, including necropsy observations, 41 of the 
patients exhibited aortic lesions ; 20, mitral lesions ; 7, pulmonic lesions ; 
1, tricuspid lesions, and 24, involvement of more than one valve. Twelve 
of the last-mentioned group had mitral and aortic endocarditis. 
Although Thayer encountered evidence of a preexisting chronic valvular 
lesion in 20 per cent of his patients, it was present in only 1 of our 
patients. 

In 2 subjects embolic pneumonia was present and in 2 interstitial 
pancreatitis. 

The spleen was usually large, as a result of acute splenitis, and in 6 
instances there were infarcts. In 7 the spleen weighed over 290 Gm.; 
and in 1,940 Gm. The average weight was 379 Gm. 

The liver in 7 instances weighed over 1,700 Gm. ; the average weight 
was 1,842 Gm. All the patients showed hepatic congestion; 3, central 
necrosis, and 1, marked cirrhosis (syphilitic), with small areas of infarc- 
tion. One patient exhibited recent areas of necrosis (arsphenamine?), 
chronic interstitial hepatitis and early portal cirrhosis. Two patients had 
ascites. Blumer and Nesbit ** have recently reported on a patient with 
gonococcic endocarditis in whom acute hepatitis and portal cirrhosis 
with jaundice occurred. Jaundice was present in 5 of our patients 
(including the twelfth, who was not examined post mortem). The 
jaundice was believed to be due to syphilitic cirrhosis in 1 instance and 


to arsphenamine hepatitis in another. In the remainder it was attributed 


15. Blumer, George, and Nesbit, Robert R.: A Case of Gonococcal Septicaemia 
with Endocarditis and Hepatitis, Internat. Clin. 4:44 (Dec.) 1936. 
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to congestion and necrosis. The changes in the liver which are asso- 
ciated with gonococcic endocarditis are impressive clinically and at 
necropsy and are worthy of further investigation. 

Glomerular nephritis was present in 8 patients, and renal infarcts 
were present in 2. Three patients had intracapillary glomerular 
nephritis, 3 had embolic glomerular nephritis, 1 had acute glomerular 
nephritis and 1 had acute focal glomerular nephritis. 


Causes of Death—Although it is difficult to decide in each instance 
which of the several possible factors was responsible, the probable causes 
of death in our patients are listed as follows: acute heart failure in 6 
instances, uremia in 5 and cerebral embolism in 1. The patients with 
cardiac failure usually died a few hours after the development of the 
first distinct manifestations of this condition. The uremia ordinarily 
progressed rapidly. 

DIAGNOSIS 

The difficulty in recovering the gonococcus by blood culture has 
constituted the chief obstacle to the clinical recognition of gonococcic 
endocarditis. The bacteriologic diagnostic criteria have been summa- 
rized by Solomon and his associates.? Various mediums and technics 
have been recommended. We employed for blood culture dextrose agar 
and yeast broth to which ascitic fluid had been added, and the cultures 
were incubated under increased carbon dioxide tension. The organisms 
were differentiated by fermentative and agglutinative reactions. Gono- 
coccus complement fixation tests were performed with the serum of 2 
patients. The reactions were positive. 

The data which established the diagnosis of gonococcic endocarditis 
in our patients may be seen in table 1. Blood cultures were made ante 
mortem in all instances, and in cases 2 to 4, 6, 7 and 9 to 12 gonococci 
were found. In cases 2, 3, 7, 9 and 11 gonococci were also found in 
the smears made from the vegetations at necropsy. In case 5 gonococci 
were not recovered by ante mortem blood culture but were found by 
studies of smears and cultures of the vegetation on the aortic valve. 
In case 8 seven blood cultures remained sterile, but gonococci were found 
post mortem in smears of material from the aortic valve and from the 
cervix. In case 1 gonococci were obtained from the urethra and the 
knee. In this instance three blood cultures remained sterile, and a post- 
mortem examination was not made. However, when the entire clinical 
picture and the course are considered, there is no doubt that the patient 
had gonococcic endocarditis. 


PROGNOSIS 


Practically all the authenticated cases of gonococcic endocarditis 
which have been reported have terminated fatally. However, Thayer,‘ 
who said he regarded recovery as rare, mentioned reports of recovery 





WILLIAMS—GONOCOCCIC ENDOCARDITIS 


published by Silvestrini, Withington, Dieulafoy, Marfan and Debre. 
Perry ’® and Newman! have also reported instances of recovery. 
Perry’s patient was a young man in whom urethritis developed three 
months preceding his main illness, which ran a septic course. While 
he was under observation a distinct diastolic murmur developed over 
the pulmonic area, and there was clearcut evidence of frequent pul- 
monary embolism. Gonococci were cultured from the blood. The 
patient was treated with repeated small blood transfusions and general 
supportive measures. He recovered after a two month illness. A 
report '* made three years later related that the patient had led a normal 
life and had indulged in vigorous physical activities without apparent 
difficulty. Examination of the heart revealed nothing of note except a 
diastolic murmur well localized in the pulmonic area. It seems that 
this case constitutes an example of healed gonococcic endocarditis. Most 
of the other reports of recoveries have been questioned. Jagic and 
Schiffner ** expressed the opinion that patients with mild involvement 
not infrequently recover. These opinions can be defended only as 
opinions. 
DIFFERENTIAL DIAGNOSIS 

Many conditions may be confused with gonococcic endocarditis, chief 
of which are gonococcemia without endocarditis, nongonococcic bacterial 
endocarditis, acute rheumatic fever, meningococcemia, miliary tubercu- 
losis, typhoid, malaria and pyelophlebitis. Of these, gonococcemia and 
nongonococcic acute endocarditis cause the most confusion. Some of 


the points in the differential diagnosis will be considered presently. It 


should be emphasized, however, that the significant findings which 
indicate the presence of gonococcic endocarditis are the signs of pro- 
gressive involvement of the cardiac valves in a patient with gonococcemia. 

Gonococcemia Without Endocarditis—One frequently has difficulty 
in determining whether a patient with severe focal gonococcic infection 
and gonococcemia has endocarditis, as the clinical pictures may be 
similar. 

I have reviewed the hospital records of 5 patients with gonococcic 
infection and gonococcemia in whom no involvement of the cardiac valves 
was present, and the important data are summarized in table 2. Briefly, 
it may be said that the clinical picture of gonococcemia without endo- 
carditis differs from that of gonococcic endocarditis in the following 
respects: In gonococcemia without endocarditis the chills are fewer 

16. Perry, M. W.: Gonorrheal Endocarditis with Recovery: A Case Report, 
Am. J. M. Sc. 179:599 (May) 1930. 

17. Perry, M. W.: Further Note on a Case of Gonorrheal Endocarditis with 
Recovery, Am. J. M. Sc. 185:394 (March) 1933. 

18. Jagic, N., and Schiffner, O.: Ueber gonorrhoische Herzerkrankungen, Med 
Klin. 16:976 (Sept.) 1920. 
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and occur at longer intervals; the fluctuations in temperature are not 
so great and usually do not occur on consecutive days; petechiae are 
fewer and do not appear in repeated crops ; cardiac murmurs are systolic 
rather than diastolic, are not intense or harsh and do not show signifi- 
cant alterations, and embolic phenomena are absent. All our patients 
recovered. However, it should be emphasized that these differences 
usually are impressive only after prolonged and close observations and 
that the decision as to whether or not endocarditis is present in a patient 
with gonococcemia is usually difficult. 

In 1934 Friedberg *° reviewed 11 instances of gonococcemia without 
apparent endocarditis and found that 6 of the patients were described 
as appearing acutely ill, 9 had chills, 8 had arthritis, 9 had systolic 
murmurs and 8 had maculopapular eruptions. The temperature reached 
103 F. or above in all instances. No embolic phenomena were observed. 


TABLE 2.—Summary of Clinical Data for Five Patients With Gonococcemia 
Without Endocarditis 








Gonococei 

Average Demon- 

Daily strated in 

Maximum Puru- Primary 

Temper- lent Emboliec Blood Genito- 

ature, Arthri- Cardiac Petech- Phe- Cul- Urinary 

Case Appearance F. Chills tis Murmurs jae nomena ture Focus 


Acutely ill 104.0 0 Soft systolic 0 
Acutely ill 102.5 0 Soft systolic 0 
Acutely ill 103.5 Many Soft systolic Few 
Acutely ill 103.0 2 Soft systolic 

Acutely ill 104.0 4 Soft systolic 





Acute Bacterial (Nongonococcic) Endocarditis —In this group there 
is no history of a primary focus of gonococcic infection (e. g., urethritis 
or involvement of joints or tendons), and usually some other type of 
infectious focus (e. g., lymphangitis, pneumonia, meningitis or osteo- 
myelitis) is demonstrable. Blood cultures conclusively differentiate the 
conditions. The meningococcus is the one organism commonly encoun- 
tered in blood cultures which may lead to confusion. 


TREATMENT 


The types of treatment which have been employed in gonococcic 
endocarditis are innumerable. The multiplicity and variety attest to 
their ineffectiveness. There is one form of treatment which appears 
promising—fever, particularly when induced by means of the Kettering 
hypertherm. This machine is to be commended because it is constructed 
so as to permit close watch of the patient, and its temperature and 


19. Friedberg, Charles K.: Gonococcemia with Recovery: Report of Four 
Cases, Am. J. M. Sc. 188:271 (Aug.) 1934. 
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humidity are kept at a fairly constant level. The marked sensitivity of 
the gonococcus to heat has been determined on many occasions in vitro. 


Simpson *° and Desjardins and his associates ** have reported cures in 
the majority of cases of gonococcic infection in which treatment was 
given with fever in the Kettering hypertherm. Kendell and Simpson 2? 
have demonstrated by means of thermocouples inserted in various parts 
of the body that the temperature of the tissues beneath the skin is 
elevated to essentially the same degree as that of the body surfaces. 
Consequently, there is reason to hope that gonococci in the cardiac valves 
may be destroyed as readily by heat as those in other sites, assuming 
that heat is the effective factor and that the patient’s condition will 
permit the induction of the necessary amount of fever. Treatments in 
the Kettering hypertherm were used in case 10. They were not insti- 
tuted, however, until evidence of severe hepatic and renal damage had 
developed. Death occurred from uremia after the second treatment. 
Treatment of this patient rendered antemortem blood cultures sterile, 
and at necropsy organisms could not be demonstrated in the vegetation 
on the cardiac valve by either smear or culture. Another patient with 
gonococcemia and suspected endocarditis, who was not included in this 
series, recovered after this form of treatment. A complete report on 
these patients has been made.*® 

The efficacy of sulfanilamide in the treatment of gonococcic 
urethritis 7 obviously warrants a trial of this drug, either alone or in 
conjunction with hyperthermia, in gonococcemia with or without 
gonococcic endocarditis. 

SUMMARY 

Gonococcic endocarditis constituted 26 per cent of all instances of 
acute bacterial endocarditis in patients admitted to the Vanderbilt Uni- 
versity Hospital during the past twelve years. It was noted in 0.7 per 
cent of 1,719 autopsies performed during this period. It occurred in 


all age groups and was more frequent in men. Its mode of onset was 
variable, and symptoms appeared from a few days to several years 
after the primary infection. The onset was sometimes insidious, con- 
sisting of generalized aching, malaise and moderate fever for several 
days. In other patients there occurred in a period of a few hours high 


20. Simpson, Walter M.: Artificial Fever Therapy of Syphilis and Gono- 
coccic Infections, New York State J. Med. 36:1290 (Sept. 15) 1936. 

21. Desjardins, A. U.; Stuhler, L. G., and Popp, W. C.: Fever Therapy for 
Gonococcic Infections, J. A. M. A. 106:690 (Feb. 29) 1936. 

22. Kendell, W., and Simpson, W. M.: Personal communication to the author. 

23. Williams, Robert H.: Gonococcal Endocarditis Treated with Artificial 
Fever, Ann. Int. Med. 5:1766 (June) 1937. 

24. Dees, John E., and Colston, J. A. C.: The Use of Sulfanilamide in Gono- 
coccic Infection, J. A. M. A. 108:1855 (May 29) 1937. 
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fever, chills, petechiae and articular pains. Acute polyarthritis was 
usually the first focal manifestation of generalized gonococcic infec- 
tion. Petechiae were frequently present. They usually occurred early 
in the disease and frequently recurred in showers. It is noteworthy 
that large petechiae with necrotic centers are suggestive of endocarditis. 
Renal complications, frequently embolic, were commonly present. Chills 
occurred in all cases and sometimes were numerous. The temperature 
usually showed marked daily fluctuations. During the course of the 
illness the heart was ordinarily not enlarged, but acute dilatation fre- 
quently occurred as a terminal event. Characteristic signs of valvular 
disease appeared in every instance during the illness. Myocarditis some- 
times occurred. The liver and spleen were often enlarged, and jaundice 
was present in 5 instances. Marked leukocytosis and moderate or severe 
anemia occurred. The urine frequently contained moderate amounts 
of albumin, red blood cells, white blood cells and casts. Uremia was a 
common development and was the main cause of death in 42 per cent 
of our patients. The duration of the endocarditis varied from a few 
days to several months. The average duration was five weeks. 

A correct diagnosis of gonococcic endocarditis can be established 
only after close clinical observation and careful bacteriologic studies. 
Every attempt should be made to obtain the organisms from the primary 
focus and from any joint or tendon involved. Frequently repeated 
cultures on special mediums are often necessary in order to recover 


gonococci from the blood. In every case listed in table 1 the diagnosis 
of gonococcic endocarditis was established ante mortem. 

The prognosis of gonococcic endocarditis has always been regarded 
as grave, and our experience confirms this attitude. Electropyrexia 
and a recent development in chemotherapy (sulfanilamide) seem to 
offer some therapeutic promise. 


CONCLUSIONS 


Gonococcic endocarditis is not a rare disease, since it was present 
in 26 per cent of the patients with bacterial endocarditis (acute and 
subacute) and in 0.7 per cent of all patients coming to autopsy at the 
Vanderbilt University Hospital. 

Careful observation of the patient and thorough laboratory examina- 
tions will usually lead to a correct diagnosis. 

Acute nephritis is one of the commonest and most significant com- 
plications of gonococcic endocarditis. 

Uremia and acute heart failure are the usual causes of death. 

The prognosis is grave. The results following the use of the Ketter- 
ing hypertherm and the apparent effectiveness of sulfanilamide in gono- 
coccic infections are sufficiently encouraging to warrant therapeutic trial. 





MITRAL STENOSIS 


A CORRELATION OF ELECTROCARDIOGRAPHIC AND 
PATHOLOGIC OBSERVATIONS 


KURT BERLINER, M.D. 
AND 


ARTHUR M. MASTER, M.D. 


NEW YORK 


In recent years there has been a tendency to minimize the effects of 
valvular lesions and to regard infection of the myocardium as almost 
the sole determining factor in the course of rheumatic heart disease. 
This point of view? represents a reaction to the older, purely mechan- 
ical conception of valvular disease, and it may have been carried too 
far by some. The truth rests between the two extremes. As White * 
has pointed out: 

With chronic healed valvular disease there need not be any trace of previous 
infection in the perfectly healthy muscle. Eventually the myocardium may become 
exhausted and fail. . . . In other words, it is the valve lesion, if well marked, 
and not the myocardial disease that eventually causes failure and death. 


This profound effect of valvular lesions on the dynamics of the circu- 
lation is demonstrated in many ways. Fluoroscopic examination, for 
instance, shows significant changes in the size of the individual cardiac 
chambers to be regularly associated with certain valvular lesions, e. g., 
enlargement of the left auricle in mitral stenosis. Electrocardiography 
demonstrates the specific effect of each valvular lesion on the heart 
hardly less well than fluoroscopy. In fact, certain electrocardiographic 
changes appear with such regularity that the electrocardiogram can be 
used as an aid in the differential diagnosis of valvular lesions. The 
present study aims to analyze the electrocardiographic changes charac- 
teristic of the most frequent valvular lesion, mitral stenosis, and to 
ascertain their diagnostic value by determining their frequency. 


METHOD 


To eliminate any possible doubt as to the correctness of the diagnosis, this 
study was limited to fatal cases in which postmortem data were available 


From the Cardiographic Laboratory and the Medical Services of the Mount 
Sinai Hospital. 

1. Rothschild, M. A.; Kugel, M. A., and Gross, L.: Incidence and Sig- 
nificance of Active Infection in Cases of Rheumatic Cardiovascular Disease, Am. 
Heart J. 9:586, 1934. 

2. White, Paul D.: Heart Disease, New York, The Macmillan Company, 
1931, pp. 231 and 487. 
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Reports of a series of 113 consecutive cases of mitral stenosis of rheumatic 
etiology in which the patients were observed in the wards of the Mount Sinai 
Hospital between the years 1925 and 1936 were collected, and the accompanying 
electrocardiograms, 265 in number, were analyzed. Each electrocardiogram was 
examined as to standardization, and only technically perfect tracings were included 
in this series. Only cases in which the condition was definitely described as 
rheumatic heart disease in the autopsy report were investigated. Great care 
was taken to exclude any cases in which mitral stenosis was associated with 
any other pathologic condition, cardiac or otherwise, which was likely to have 
exerted an effect on the electrocardiogram. Many cases of arterial hypertension 
associated with mitral stenosis were thus excluded. Morecver, an associated condi- 
tion such as a large hydrothorax or perforated carcinoma of the stomach with 
air under the left dome of the diaphragm led to the elimination of the case from 
the series because of the possible effect on the electrical axis. The remaining 
113 cases were arranged in eight groups: 
1. Cases of mitral stenosis with or without mitral insufficiency and uncom- 
plicated by disease of any other valve 
. Cases of disease of the mitral valve associated with tricuspid stenosis 
with or without tricuspid insufficiency ; 
. Cases of disease of the mitral valve associated with tricuspid insufficiency 
without tricuspid stenosis 
. Cases of disease of the mitral valve associated with aortic stenosis with 
or without aortic insufficiency 
. Cases of disease of the mitral valve associated with aortic insufficiency 
without aortic stenosis 
. Cases of lesions of three valves—mitral, tricuspid and aortic 
. Cases of pure mitral insufficiency without mitral stenosis 
. Cases of mitral insufficiency associated with aortic insufficiency 
electrocardiograms, varying in number from 1 to 12 in each case, were 
carefully analyzed as to the characteristic signs of mitral stenosis, namely, changes 
in the size and shape of the auricular complex (P wave) and changes in the 
ventricular complex resulting from preponderance of either ventricle. Certain 
other electrocardiographic signs—the duration of the PR interval, the initial 
ventricular deflection (Q wave), the voltage and duration of the main ventricular 
deflection (QRS) and the direction of the final ventricular deflection (T wave)— 
also were investigated. 

Besides, it was determined from the autopsy report in each case which 
ventricle predominated in size, and this anatomic relationship was then compared 
with the electrocardiographic findings of ventricular preponderance in the same 
case. Lastly, the relative sizes of the left and right auricles were compared 
with the changes in the auricular complex of the electrocardiogram, and correlation 
was attempted. 

RESULTS 


Changes in the P Wave.—The normal P wave is an upright deflec- 
tion, 1 to 2.5 mm. high and not over 0.1 second wide. One of the 
characteristic electrocardiographic signs of mitral stenosis is an increase 
in the height and width of the P wave. 
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Lewis * has described it as follows: “The summit P has an exagger- 
ated amplitude amounting frequently to two, three, or even four scale 
divisions ; it is often broad, flattened and notched in the center.” 

Notching of the P wave, especially notching near the peak, is some- 
times found in association with other conditions and at times when 
there is no abnormality. With no other condition, however, is marked 
notching found so frequently as with mitral stenosis. The higher the 
P wave, usually the more marked the notching. Most frequently the 
notching was found near the peak of the P wave, either on the down- 
stroke or, less often, on the upstroke. Notching on the downstroke 
near the base line of a P wave which was not diphasic was found 
only rarely. In 61 of our series of 69 cases of mitral stenosis with 
regular rhythm the P wave was notched. In 14 of 16 cases of uncom- 
plicated mitral stenosis with regular sinus rhythm there was notching 
of the P wave in one or more leads, and in 6 of these cases there was, 
besides, widening of the P wave in at least one lead (chart 1 A and B). 
The average height of the P wave in lead II in these 16 cases was 
1.63 mm., which is well within the normal range. In only 4 of the 
16 cases was the P wave higher than 2 mm., and in 4 more cases it 
was 2 mm. high. Marked increase in the amplitude of the P wave was 
therefore not frequent in the cases of uncomplicated mitral stenosis. 
When it did occur, however, an anatomic explanation for it could be 
obtained by comparison of the postmortem observations with the elec- 
trocardiogram. 

Such a comparison revealed an interesting relationship between 
hypertrophy of the auricles and the height of the P wave. In half the 
cases of uncomplicated disease of the mitral valve there was hyper- 
trophy of the right auricle besides hypertrophy of the left auricle, and 
in all these cases there was a high P wave, of from 2 to 3.5 mm., or 
auricular fibrillation. In the remaining cases, on the other hand, in 
which only the left auricle was hypertrophic, the P wave was of normal 
height, and in no case was there auricular fibrillation. It may be 
inferred that a marked increase in the height of the P wave with 
notching is pathognomonic of enlargement of both the right and the 
left auricle. Observation in a larger series of cases, however, appears 
necessary before this conclusion can be definitely accepted. 

Meanwhile, another observation seems to suggest the same con- 
clusion: Marked increase in the amplitude of the P wave was much 
more frequent when disease of the mitral valve was complicated by 
disease of the tricuspid valve. The highest P waves, of 3.5 mm. and 
more, were observed in cases of mitral stenosis associated with tricuspid 


3. Lewis, Thomas: Clinical Electrocardiography, London, Shaw & Sons, 
Ltd., 1928, p. 108. 
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stenosis. These same P waves were usually wider and more markedly 
notched. This increase in the size of the P wave is probably explained 
by the fact that the combination of disease of the mitral and of the 
tricuspid valve produces marked enlargement of both auricles, whereas 
uncomplicated disease of the mitral valve primarily affects only the 
left auricle. An analysis of our 21 cases of disease of the mitral and 
tricuspid valves shows 4 cases in which only the left auricle was hyper- 
trophic while the right auricle was normal. The electrocardiograms 
in 3 of these 4 cases were characterized by a P wave of normal height 
(in the fourth case there was auricular flutter), and in 2 there was no 
notching of the P wave. In the remaining 17 cases of mitral and tri- 
cuspid valvular disease, on the other hand, both auricles were found 














Chart 1.—A, mitral stenosis with mitral insufficency. Note the notched, high 
and broad P waves, the normal voltage of QRS and the absence of signs of pre- 
ponderance. B, tight mitral stenosis without mitral insufficiency. Note the notched 
P waves (inverted in the third lead), the PR intervals of 0.23 second and the 
right ventricular preponderance, with inversion of Tz and T;. Although at post- 
mortem examination the left ventricle was atrophic, the voltage of R in the third 
lead was 16 mm., at the upper border of normal. C, mitral insufficiency without 
stenosis. Note the normal P waves and the tendency to left ventricular pre- 
ponderance, viz., an S wave without an R wave in lead III and R; not taller than 
R:z. D, mitral insufficiency without stenosis. Note the almost normal P waves, 
with only slight notching in lead II, and the absence of signs of preponderance. 


hypertrophic at postmortem examination. Comparison of the electro- 
cardiograms revealed an illuminating difference in the appearances of 
the P wave. With but 2 exceptions the P wave was higher than in the 
cases in which there was hypertrophy of only the left auricle, and in 
every instance it was notched. This difference in height and notching 
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of the P wave may perhaps be caused by a summation of electrical 
effects produced by the simultaneous contraction of the two hyper- 
trophic auricles, but this group of cases is of course too small to permit 
the drawing of any definite conclusions. 

3esides, it is well to remember at this point that an absolutely 
constant relation between the height of the P wave and the degree of 
auricular hypertrophy can never be expected, just as there is no con- 
stant relation between the height of the QRS complex and the degree 
of ventricular hypertrophy. A failing heart is known often to show 
low voltage of the ventricular complex. By the same token, the volt- 
age of the auricular wave must be influenced by variations in the func- 




















Chart 2.—A, mitral stenosis with mitral insufficiency and tricuspid stenosis 
with tricuspid insufficiency. Note the notched, broad P waves, the PR intervals 
of 0.23 second and the right ventricular preponderance, with inversion of Ts and 
T:. B, mitral stenosis with mitral insufficiency and tricuspid stenosis with tricuspid 
insufficiency. Note the notching of the P waves and the tendency to right 
ventricular preponderance. C, mitral stenosis and tricuspid insufficiency without 
tricuspid stenosis. Note the notched, high and broad P waves and the right 
ventricular preponderance. D, mitral stenosis with mitral insufficiency and tri- 
cuspid insufficiency without tricuspid stenosis. Note the notched, broad P waves 
and the right ventricular preponderance, with inversion of Ts and Ts. 


tional status of the auricular musculature. It is no wonder, therefore, 
that marked auricular hypertrophy is occasionally found to be asso- 
ciated with a P wave of normal height. As a matter of fact, it is sur- 
prising that such exceptions are not more frequent. 

A still more difficult problem was the search for electrocardiographic 


signs of auricular preponderance. This search failed completely. We 
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found 4 cases in our series in which there was hypertrophy of the 
right auricle but a normal left auricle. The P wave in the electro- 
cardiograms in these cases was no different from that in 16 cases of 
hypertrophy of only the left auricle, with a normal right auricle. 
Inversion of P, occurred with the same frequency with hypertrophy 
of either the right or the left auricle. 

When the left auricle showed a rheumatic lesion at necropsy, the 
P wave of the electrocardiogram appeared no different from that in 
cases in which the auricular wall was not invaded, and notching, in par- 
ticular, was no more marked. This subject deserves further investi- 
gation, however, as the number of cases of auriculitis included in this 
study was too small to warrant the drawing of definite conclusions. 




















Chart 3.—A, mitral stenosis (slight) and aortic stenosis. Note the slightly 
notched P waves and the left ventricular preponderance, with inversion of TT: 
and Ts. 8B, mitral stenosis (“button-hole” type) with mitral insufficiency and 
aortic stenosis (slight). The left ventricle was very small. Note the notched, 
high P waves, the normal voltage of QRS and the right ventricular preponderance. 
C, mitral stenosis with mitral insufficiency and aortic insufficiency. The blood 
pressure was 130 systolic and 45 diastolic. Note the slightly notched, broad P 
waves, the high voltage of QRS and the left ventricular preponderance. The 
duration of QRS is 0.1 second. D, mitral stenosis with mitral insufficiency and 
aortic insufficiency. The blood pressure was 114 systolic and 70 diastolic. Note 
the slightly notched P waves, inverted in lead III, the normal voltage of QRS 
and the absence of preponderance. : 


In the group of cases of mitral stenosis with aortic insufficiency 
(chart 3C and D) the average height of the P wave was no greater 
than with pure mitral stenosis. While some notching was found in all 
cases of this group, no P wave was higher than 2.5 mm. The contrast 
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between the findings in this last group and those in the cases of mitral 
stenosis with disease of the tricuspid-valve reflects the fact that dis- 
ease of the aortic valve does not directly affect the size of either 
auricle, whereas disease of the tricuspid valve leads to enlargement of 
the right auricle, in addition to enlargement of the left auricle pro- 
duced by stenosis of the mitral ostium. 

A still more striking contrast was found in the comparison of the 
P waves in cases of mitral insufficiency (chart 1C and D) with those 
in cases of mitral stenosis (chart 1 A and B). Widening of the P wave 
was rarely found with mitral insufficiency, and notching was observed 














Chart 4.—A, aortic insufficiency and mitral insufficiency without stenosis. The 
blood pressure was 120 systolic and 60 diastolic. Note the notched P waves of 
normal height. Observe the fairly high voltage of QRS portrayed and the left 
ventricular preponderance. B, aortic insufficiency and mitral insufficiency without 
stenosis. Pericardial effusion was noted. The blood pressure was 145 systolic and 
95 diastolic. Note the normal P waves, the duration of QRS (0.14 second), the 
low voltage of QRS and the left ventricular preponderance. C and D (the same 
case), three lesions: mitral stenosis with insufficiency, tricuspid stenosis with 
insufficiency and aortic stenosis with insufficiency. Note the change from right 
ventricular preponderance to left ventricular preponderance, the auricular fibrilla- 
tion in C and the notched P waves in D. In D the prolongation of the PR 
interval to 0.28 second and the inversion of T: were due to the administration of 
digitalis. 


in only half the cases. The addition of aortic insufficiency to mitral 
insufficiency did not affect this relationship. The notching when present 
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was less marked than in the other groups, and the average amplitude 
of the P wave was slightly lower (chart 4A and B). 

Occurrence of Auricular Fibrillation and Auricular Flutter—In 4 
of the 19 cases of pure mitral stenosis, auricular fibrillation occurred. 
When disease of the tricuspid valve was associated with mitral stenosis, 
auricular fibrillation was more frequent (8 of the 21 cases). The asso- 
ciation of aortic insufficiency with mitral stenosis, on the other hand, 
did not affect the frequency of auricular fibrillation. In 4 of the 19 
cases there was auricular fibrillation—the same proportion as in the 
cases of uncomplicated mitral stenosis and mitral insufficiency. 

In the small group of 7 cases of aortic and mitral stenosis, auricular 
fibrillation occurred 3 times and auricular flutter once. Auricular fibril- 
lation was most frequent in the group of cases of mitral stenosis with 
disease of the tricuspid and aortic valves; in 15 of the 32 cases this 
irregularity was noted. In 15 cases of mitral insufficiency without 
stenosis, on the other hand, not a single instance of auricular fibrilla- 
tion was found, and it made no difference whether aortic insufficiency 
complicated mitral insufficiency or not. 

Auricular flutter occurred in only 3 of the 113 cases, each time in 
a case of mitral stenosis complicated by disease of the aortic or tri- 
cuspid valve or disease of both valves. This group is too small to 
permit the drawing of any conclusions from it. 

Ventricular Preponderance.—This electrocardiographic sign shows 
more clearly than any other the profound effect which a valvular lesion 
exerts on the dynamics of the heart. In this study the width of the 
mitral ostium and the other associated valvular lesions proved to be 
the two principal factors which determined ventricular preponderance.* 

To determine whether the degree of stenosis had an effect on the 
signs of ventricular preponderance in the electrocardiogram, we exam- 
ined all necropsy records and arranged the cases in two groups, those 
in which there was tight stenosis and those in which there was mod- 
erate or slight stenosis. In all the cases of tight stenosis of the mitral 
valve there was marked hypertrophy of the right ventricle, with the 
left ventricle smaller than the right. In general, in the cases of mod- 


4. Right ventricular preponderance was the diagnosis made when lead I had 
no R wave or but a small one, with the downward deflection larger than R; 
in addition, Rs had to be taller than Re. Left ventricular preponderance was the 
diagnosis made when lead III had no R wave or only a small one, with the 
downward deflection larger than Rs; in addition, R: had to be taller than Re. 
A tendency to right ventricular preponderance was the diagnosis made when there 
was a low R wave in lead I, with the downward deflection larger than R: but 
with R; not taller than Re. A tendency to left ventricular preponderance was 
the diagnosis made when there was a low R wave in lead III, with the downward 
deflection larger than R; but with R; not taller than Re. 





BERLINER-MASTER—MITRAL STENOSIS 47 


erate or slight stenosis, on the other hand, less marked hypertrophy 
of the right ventricle and varying degrees of hypertrophy of the left 
ventricle were noted. The electrocardiograms in these two groups were 
then compared and they revealed a significant difference. In only 8 of 
our 18 cases of uncomplicated mitral stenosis, with or without mitral 
insufficiency (table 1), that is, in about one-half the cases, definite 
right ventricular preponderance was noted. Without exception they 
were cases of the “button-hole” type, with tight stenosis of the mitral 
valve. In cases in which only moderate narrowing of the mitral ostium 
and mitral insufficiency were noted there was usually no preponderance 
or tendency to right ventricular preponderance. It is to be remembered 
that this study is limited to necropsy material. Of the large number of 
cases of earlier mitral stenosis with which the clinician comes in contact, 
there is a much smaller proportion in which such marked narrowing 
of the mitral ostium is likely to be present. Right ventricular pre- 
ponderance, therefore, will be correspondingly less frequent in clinical 
cases. One fact stands definitely established as a result of our investi- 
gation: Ventricular preponderance depends on the degree of stenosis; 
the tighter the stenosis, the more definite the right ventricular prepon- 
derance. In no case of uncomplicated mitral stenosis with or without 
mitral insufficiency was there left ventricular preponderance. 

Next, the cases of disease of the mitral and tricuspid valves were 
investigated. Here the findings were more uniform than in cases of 
uncomplicated disease of the mitral valve. Besides the stenosis of the 
mitral ostium, a second factor was found to be operative in these cases 
which tended to swing the balance of the ventricles in the same direc- 
tion, toward right ventricular preponderance. This second factor was 
the associated lesion of the tricuspid valve. In all these cases marked 
hypertrophy of the right ventricle was noted. In the great majority 
(16 of 21 cases), therefore, right ventricular preponderance was noted, 
while in 3 more cases there was a tendency to right ventricular pre- 
ponderance (table 1). 

Outright left ventricular preponderance was never found in a case 


of mitral stenosis with or without mitral insufficiency unless it was 


complicated by aortic valvular disease. When this complication existed, 
particularly when aortic insufficiency as well as mitral stenosis was 
present, this factor tended to swing the balance of the ventricles in 
the opposite direction, toward left ventricular preponderance. In half 
these cases there was left ventricular preponderance, with either no 
preponderance or right ventricular preponderance noted in the other 
half (table 1). Comparison with the pathologic and clinical pictures 
usually revealed that the preponderance depended on the extent of the 
leak in the aortic valve. Tight mitral stenosis complicated by moderate 
aortic insufficiency (without a high pulse pressure) often was asso- 
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ciated with right ventricular preponderance. In all the cases of marked 
aortic insufficiency with high pulse pressure, however, there was left 
ventricular preponderance, whether the associated mitral stenosis was 
slight or marked. In other words, aortic insufficiency outweighed mitral 
stenosis in producing ventricular preponderance. Aortic stenosis, on 
the other hand, had a much less marked effect on ventricular prepon- 
derance than aortic insufficiency, and in only 1 of the 7 cases of this 
type was there left ventricular preponderance (table 1). 

A mixed picture was presented by the group of cases of mitral 
stenosis with aortic and tricuspid valvular disease (table 1). In 13 of 
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* One case was rejected. 
+ Besides four with a complete change of preponderance. 
the 32 cases there was right ventricular preponderance, reflecting the 
dominant effect of disease of the tricuspid valve. In 6 cases there was 
left ventricular preponderance, and in these cases the lesion of the 
aortic valve exceeded that of the mitral and tricuspid valves in extent 
and dynamic effect. In 4 of the remaining 13 cases there was varying 
preponderance, no preponderance in 1 electrocardiogram and right or 
left ventricular preponderance in another electrocardiogram or even a 
complete change from right to left ventricular preponderance in suc- 
cessive tracings. These variations reflect the fact that changes in the 
interplay of the lesions may occur and may even be reversible. 
Reviewing all 93 cases of mitral stenosis, pure or complicated 
with other valvular lesions, we find that in 45, i. e., about half, there 
was right ventricular preponderance; in 11 there was noted a tendency 
to right ventricular preponderance. In only 15 cases, all of them 
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cases of mitral stenosis with disease of the aortic valve, was there 
left ventricular preponderance; in 5 there was noted a tendency to left 
ventricular preponderance, and in 17 there was no ventricular pre- 
ponderance. 

Mitral insufficiency without stenosis revealed itself as a valvular 
lesion with a less marked effect on ventricular preponderance than 
mitral stenosis. If at all, mitral insufficiency tends to change the balance 
toward preponderance of the left ventricle. In 1 of the 8 cases of pure 
mitral insufficiency there was left ventricular preponderance, in 3 there 
was a tendency to left ventricular preponderance, in only 1 was there 
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a tendency to right ventricular preponderance, in none was there actual 
right ventricular preponderance and in 3 there was no preponderance. 
When aortic insufficiency complicated mitral insufficiency, left ven- 
tricular preponderance was, of course, more frequent. In more than 
half, or 4, of the 7 cases of this type there was left ventricular pre- 
ponderance, and in 3 there was no preponderance. 


Duration of the PR Interval—Prolongation of the PR interval is 


an important sign of active rheumatic carditis, but the seat of the 
valvular lesion has little bearing on that interval. Accordingly, in our 
series prolongation of the PR interval was occasionally found in almost 
all groups, and it mattered little whether an uncomplicated lesion of the 
mitral valve or a combined lesion was observed at necropsy (chart 1). 
In only one group was prolongation of the PR interval particularly 
frequent, the cases of three lesions—mitral, aortic and tricuspid—com- 
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bined. This recalls the fact that prolongation of the PR interval some- 
times is the forerunner of auricular fibrillation. By the same token, 
auricular fibrillation also was exceedingly frequent in this same group. 

Changes in the O Wave.—The initial ventricular deflection (Q wave ) 
was present in lead III in 67 of the 113 cases of mitral valvular disease. 
In only 20 cases did this deflection appear in lead I. An analysis of the 
appearance of the Q wave in the eight different groups of cases of 
mitral disease (with or without other valvular lesions) did not reveal 
any significant results. A deep QO wave, measuring 25 per cent or more 
of the height of the R wave, was found in only 6 of the 113 cases. 
In all these 6 cases mitral stenosis was associated with disease of 
the aortic valve, either stenosis or insufficiency. In these cases the vol- 
tage of the remainder of the ventricular complex was also relatively 
high. 

Changes in the Duration of the Main Ventricular Complex (QRS). 
—An analysis of this sign (table 1) reveals that mitral valvular disease 
per se has little influence on intraventricular conduction. In only 12 of 
the 113 cases did the duration of ORS exceed 0.1 second, and all but 3 
of these 12 were cases of aortic insufficiency complicating mitral val- 
vular disease. It is well known that aortic insufficiency often produces 
an increase in the duration of ORS. Mitral stenosis does not produce 
such an increase. The average duration of ORS was 0.07 second in the 
cases of pure mitral stenosis, as well as in those of mitral stenosis com- 
plicated with aortic stenosis or with tricuspid stenosis, and slightly 
greater (0.08 second) in cases of mitral stenosis associated with aortic 
insufficiency and in the larger group of cases of mitral stenosis asso- 
ciated with both aortic and tricuspid valvular disease. 

Voltage of QRS.—Pardee® has stated that many patients with 
marked mitral stenosis have large excursions of ORS, and he has attrib- 
uted the increased size of the deflections to cardiac hypertrophy. This 
statement is not borne out by our investigation (table 1). Pardee gave 
16 millivolts as the upper limit of normal for the voltage of ORS. In 
not one of our 19 cases of uncomplicated disease of the mitral valve 
was the ORS complex higher than 16 millivolts, and in only 4 of these 
19 cases was the voltage 15 or 16 millivolts. The average voltage of 
ORS in all these 19 cases was 10 millivolts. Whether the stenosis was 
of the “button-hole” type or only moderate did not affect the voltage 
of ORS at all. The voltage of ORS in cases of mitral insufficiency 
without stenosis was no different from that found in mitral stenosis. 

The observation of the normal voltage of ORS in mitral stenosis led 
us to investigate another problem: In rheumatic valvular heart disease 


5. Pardee, H. E. B.: Clinical Aspects of the Electrocardiogram, New York, 
Paul B. Hoeber, Inc., 1928, pp. 50 and 76. 
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does hypertrophy of the right ventricle alone ever result in high volt- 
age of the ORS complex? In congenital heart disease high voltage is 
not uncommon when the right side of the heart is very large. In 16 
of our 19 cases of uncomplicated disease of the mitral valve, there was 
hypertrophy of the right ventricle, and in 3 of these the right ventricle 
was huge. Yet, as was mentioned before, in all these cases the voltage 
of the ORS complex was normal. The average weight of the heart in 
this group was 445 Gm. In the group of cases of mitral valvular dis- 
ease with tricuspid stenosis the hearts were of about the same size as 
those in the first group, and their average weight was 455 Gm., while 
the voltage of QRS, with 2 minor exceptions, was also within normal 
limits. Decisive information, however, was obtained from a study of 
the third group, cases of mitral valvular disease with tricuspid insuf- 
ficiency. It is commonly known that tricuspid insufficiency leads to 
extreme enlargement of the heart. This was generally true in our 
group of 13 cases. The average weight of the heart was 556 Gm., and 
a large part of this weight was due to hypertrophy of the right ventricle. 
In spite of this marked right ventricular hypertrophy, in no case of 
mitral valvular disease with tricuspid insufficiency was there high volt- 
age of ORS in the electrocardiogram. Fifteen millivolts was the highest 
figure. In marked contrast to this normal voltage were the findings 
in cases of mitral valvular disease associated with aortic insufficiency. 
The presence of aortic insufficiency had a marked effect on the voltage 
of QRS, and the highest excursions, up to 28 millivolts, were found 
in these cases. Cases in which the left ventricle was very large were 
of course prevalent in this group. 

We are justified in concluding from these findings that of the two 
ventricles the left is the one which contributes more to the voltage of 
the ventricular complex and that in rheumatic valvular disease hyper- 
trophy of the right ventricle does not commonly result in high voltage 
of this complex. These observations are reminiscent of a common 
fluoroscopic finding. The contractions of the right ventricle, as seen 
on the fluoroscopic screen, are never as vigorous as those of the left 


ventricle. The parallelism is obvious, even though it is known that the 


voltage of the electrocardiogram is no simple function of the strength 
of the contraction. 

Equally illuminating was a separate analysis of 7 cases of mitral 
stenosis in which an atrophic left ventricle was noted on postmortem 
examination (table 2). The height of QRS in these 7 cases varied 
from 5 to 16 millivolts, with an average of 10 millivolts—no lower than 
that in the rest of the cases in which there was no aortic insufficiency. 
While the observations on tricuspid insufficiency previously described 
show the right ventricle to play a minor role in producing the voltage 
of ORS, these cases of atrophy of the left ventricle demonstrate clearly 
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that the size of the left ventricle does not alone determine the voltage 
of the QRS complex and that the role of the right ventricle is by no 
means negligible. It is seen that hypertrophy of the right ventricle 
alone can produce so considerable a voltage as 16 millivolts. 

When analyzing the voltage of QRS, all extraneous factors which 
might possibly influence it had, of course, to be considered. That such 
a condition as pleural or pericardial effusion led to the exclusion of a 
case has already been mentioned. It occurred to us that adhesive peri- 
carditis might have a similar depressing effect on the voltage of the 
ventricular complex. All cases of chronic adhesive pericarditis there- 
fore were grouped together, regardless of the nature of the existing 
valvular lesion. Twenty-one of our 113 cases fell into this group. 
The average voltage of QRS in the cases in this group was 11 milli- 
volts, practically the same as in the remainder of the cases and cer- 
tainly no lower. In only 3 of these 21 cases was the voltage low 


TABLE 2.—Data Regarding Eight Cases of Pure Mitral Stenosis (Atrophy 
of the Left Ventricle) 
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(below 7 millivolts), and in only 1 case was the voltage high (17 milli- 
volts). Thus we found that chronic adhesive pericarditis had no definite 
effect on the voltage of ORS. 

Changes in the T Wave.—lInversion of the T wave has been shown 
to be a concomitant of ventricular preponderance. Master® showed 
that inversion of T;, or both T, and T,, is commonly associated with 
marked enlargement of the right ventricle, whereas inversion of T,, 
or both T, and T,, is commonly associated with enlargement of the 
left ventricle. This was confirmed by our investigation. As expected, 
inversion of T, was particularly frequent. In 7 of the 19 cases of 
uncomplicated disease of the mitral valve this sign was noted. With 
two exceptions, these were the same cases as those in which the tight 
“button-hole” type of stenosis of the mitral ostium and marked hyper- 
trophy of the right ventricle were observed post mortem. In the group 
of cases of uncomplicated disease of the mitral valve there were 3 


6. Master, A. M.: Right Ventricular Preponderance (Axis Deviation) of the 
Heart, Am. J. M. Sc. 186:714, 1935. 
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cases of extreme enlargement of the right ventricle, and in all 3 inver- 
sion of T, was noted. Whenever both T, and T, were found inverted 
or diphasic, necropsy later showed a very large right ventricle. In 
cases of mitral and tricuspid valvular disease there was inversion of 
T,, or T, and T, most frequently, and the largest right ventricles were 
likewise found in this group. In the cases of mitral valvular disease 
complicated with aortic insufficiency, on the other hand, inversion of 
T,, with or without inversion of T,, was not infrequently found (in 
4 of 19 cases), reflecting the marked enlargement of the left ventricle 
common to that condition. In the large group of cases in which there 
were three lesions both types of tracings were noted ; when aortic insuf- 
ficiency was the predominant lesion, inversion of T, was frequently 
found, with or without inversion of T,. When the tricuspid lesion 
predominated, however, inversion of T,, with or without inversion of 
T.,, occurred frequently. 

Comparison of Electrocardiograms and Postmortem Observations.- 
Pardee ® has stated that the electrocardiogram will suffice in 75 per 
cent of cases to place the relation of the ventricular weights. To deter- 
mine how reliable the electrocardiographic signs of ventricular pre- 
ponderance were in our series, the autopsy records of all 113 cases 
were examined. In each case it was determined whether the left or 
the right ventricle predominated in size by noting the degree of hyper- 
trophy as reported in the autopsy record. This anatomic relationship 
was then compared with the electrocardiographic findings of ventricular 
preponderance in the same case. 

In only 22 of the 107 cases so examined‘ were there no signs of 
ventricular preponderance. In the remaining 85 cases there were 45 
instances of right ventricular preponderance, 20 of left ventricular pre- 
ponderance, 12 in which a tendency to right ventricular preponderance 
was noted and 8 in which a tendency to left ventricular preponderance 
was noted. 

In 76 of these 85 cases (89 per cent) there was agreement between 
the electrocardiographic and the autopsy observations; in only 9 cases 
(11 per cent) was there disagreement. In 5 of these 9 cases there was 
right ventricular preponderance, in 2 left ventricular preponderance, 
in 1 a tendency to right ventricular preponderance and in 1 a tendency 
to left ventricular preponderance. 

The 22 cases in which the electrocardiogram showed no prepon- 
derance were then analyzed. In half of them it was observed that the 
two ventricles were equally hypertrophic. The electrocardiogram in 
these cases therefore expressed the anatomic relationship correctly. 


7. From the total of 113 cases 6 had to be omitted from these correlation 
studies because preponderance was variable. 
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But necropsy showed definite preponderance of the left ventricle in 7 
and of the right in 4 of the other 11 cases. Here the information 
given by the electrocardiogram was actually erroneous. A small part 
of these 11 failures (2 cases) can be explained by inadequacy of the 
definition of “tendency to right ventricular preponderance.” These 2 
are the only cases in which a determination of the electrical axis, 
according to Einthoven’s tables,’ would have yielded better results and 
shown preponderance correctly. The remaining 9 failures, however, 
are unexplained. They force us to the conclusion that electrocardio- 
graphic signs of ventricular preponderance are reliable only when 
present. When the electrocardiogram shows no preponderance, then 
marked anatomic preponderance of either ventricle may yet exist and 
may come to light only at necropsy. 


COMMENT 


Lewis * has stated: “The electrocardiograms of mitral stenosis are 
often so characteristic that the valve lesion may be diagnosed from 
these curves alone.” What, then, is the typical electrocardiogram of 
mitral stenosis,° and how often does it appear? Our analysis has 
attempted to answer this question. 

Perhaps the most valuable lesson to be learned from this study is 
the realization of the importance of the associated valvular lesions. 
It must not be forgotten that at the bedside an associated tricuspid 
lesion usually cannot be recognized. Yet it is known that lesions of 
the mitral valve alone are rarer than combined lesions. In our series 
of 98 cases of mitral stenosis there were only 19 cases of mitral stenosis 
with or without mitral insufficiency, but there were 79 cases of com- 
bined lesions. Cases of pure mitral stenosis without insufficiency and 
without lesions of other valves are even rarer (only 8 in our series 
of 113 cases). In other words, the “typical” case of mitral stenosis is 
not a pure case of mitral stenosis, and the “typical” electrocardiogram 


8. Einthoven, W.; Fahr, G., and de Waart, A.: Ueber die Richtung und die 
manifeste Grdsse der Potentialschwankungen im menschlichen Herzen, Arch. f. d. 
ges. Physiol. 110:275, 1913. 

9. Samojloff, A., and Steshinsky, M.: Ueber die Vorofserhebung des Elek- 
trokardiogramms bei Mitralstenose, Mtinchen. med. Wehnschr. 56:1942, 1909. 
Steriopulo, S.: Das Elektrokardiogramm bei Herzfehlern, Ztschr. f. exper. Path. 
u. Therap. 7:467, 1909-1910. White, P. D., and Bock, A. V.: Electrocardiographic 
Evidence of Abnormal Ventricular Preponderance and of Auricular Hypertrophy, 
Am. J. M. Sc. 116:17, 1918. White, Paul D., and Burwell, C. S.: The Effect 
of Mitral Stenosis, Pulmonic Stenosis, Aortic Regurgitation and Hypertension on 
the Electrocardiogram, Arch. Int. Med. 34:529 (Oct.) 1924. Alexander, A. A.; 
Knight, H. F., and White, Paul D.: The Auricular Wave of the Electrocardio- 
gram: Clinical Observations with Especial Reference to Pulmonic and Mitral 
Stenosis, ibid. 36:712 (Nov.) 1925. 
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of mitral stenosis, therefore, is the electrocardiogram of a combined 
lesion, mitral stenosis associated with at least one other valvular lesion, 
usually of the tricuspid valve. For many years the opinion has pre- 
vailed that the combination of a notched P wave and right ventricular 
preponderance is characteristic of the electrocardiogram of mitral ste- 
nosis. The results of our investigation do not bear this out. Notching 
of the P wave definitely remains the most characteristic electrocardio- 
graphic sign of mitral stenosis, and in 14 of the 16 cases of mitral 
stenosis this sign was present. Right ventricular preponderance, how- 
ever, was found in less than half the cases in this same group and in 
only 45 cases in the entire series. 

Mitral stenosis with insufficiency may be expected to show a notched, 
often broad P wave of moderate height and no ventricular prepon- 
derance or tendency to right ventricular preponderance (chart 1 A). 
If there is right ventricular preponderance, the stenosis of the mitral 
ostium is usually very tight (chart 1B). If there is marked right 
ventricular preponderance and if at the same time the notched P wave 
is very high and wide, the presence of an associated tricuspid lesion 
may be safely assumed (chart 2.4, C and D). The occurrence of auric- 
ular fibrillation or flutter, while not uncommon in uncomplicated mitral 
stenosis, also would help to favor the diagnosis of an associated lesion 
of the tricuspid valve. 

On the other hand, left ventricular prepondera ce absolutely excludes 
the diagnosis of uncomplicated mitral stenosis, provided hypertension can 
be ruled out. This statement is of practical importance. A soft proto- 
diastolic murmur at the base of the heart in a case of clearcut mitral 
stenosis in which left ventricular preponderance is revealed in the 
electrocardiogram is not a Graham Steel murmur but indicates aortic 
insufficiency. If there is left ventricular preponderance and high volt- 
age of ORS, with a duration of the main ventricular deflection of 0.1 
second, associated with only moderate notching of the P wave (which 
is not very wide), then the diagnosis of aortic insufficiency and dis- 
ease of the mitral valve may be assumed (chart 3C and D). The 
presence of right ventricular preponderance does not rule out the pos- 
sibility that an aortic insufficiency is associated with mitral stenosis. 
The occurrence of auricular fibrillation would have no weight in the 
decision for or against aortic insufficiency. As is natural, those cases 
in which the signs of aortic insufficiency (high pulse pressure, loud 
diastolic murmur and large left ventricle) are marked are usually also 
the ones in which left ventricular preponderance, a wide QRS and 
high voltage are noted. By the same token, the electrocardiogram is 
sometimes of little help when in a case of clearcut mitral stenosis 
coexisting insufficiency of the aortic valve is looked for before the 
clinical examination reveals its obvious signs. 
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The picture is most varied when the rheumatic process has affected 
three or all four valves. Here the electrocardiogram is the least char- 
acteristic. While right ventricular preponderance is more frequent, 
left ventricular preponderance or no preponderance may be present. 
Auricular fibrillation was most frequent in this group, occurring in 14 
of 32 cases of our series, besides 1 case of auricular flutter. There is 
one sign which, though uncommon, when it does occur seems charac- 
teristic of the coexistence of three valvular lesions, i. e., complete change 
of ventricular preponderance from that of the right ventricle to that of 
the left ventricle or vice versa. This reflects the changing interplay 
of the different lesions and their specific effect on the dynamics of the 
heart. In a case of combined mitral, aortic and tricuspid lesions the 
aortic insufficiency may be the principal lesion at one time, and left 
ventricular preponderance may be shown, while at another time the 
tricuspid lesion may become more marked, and this change may express 
itself in a shift to right ventricular preponderance. 

The Electrocardiogram of Mitral Insufficiency—On the autopsy 
table it is often difficult to decide whether there is stenosis alone or 
stenosis with insufficiency of the mitral valve. In the small series of 
8 cases of mitral stenosis in which there was an atrophic left ventricle 
(table 2) we may be sure there was no mitral insufficiency. Yet, with 
regard to the P wave, the voltage and the ventricular preponderance, 
the electrocardiograms in these 8 cases did not in any way differ from 
those in the remaining cases of mitral stenosis, in which presumably 
there was also mitral insufficiency. When, on the other hand, mitral 
insufficiency exists alone, without stenosis, the picture is definitely 
different. 

Mitral insufficiency without stenosis was once thought to be the 
most common single valvular lesion. At autopsy it is relatively rare. 
In only 8 of our series of 113 fatal cases of rheumatic disease of the 
mitral valve was there mitral insufficiency alone. The fact that in 5 
of these 8 cases the patient was 6 years of age or younger shows that 
mitral insufficiency is an early result of the rheumatic process, whereas 
mitral stenosis appears only later.*° In several of these cases a typical 
apical presystolic rumble was present during life, and therefore the 
diagnosis was mitral stenosis, yet at necropsy only mitral insufficiency 
was observed. The electrocardiograms were different from those in 
mitral stenosis. Better knowledge of the electrocardiogram might have 
served at least to cast doubt on the clinical diagnosis. Several features 


10. It has been shown (Bland, E. F.; White, P. D., and Jones, T. D.: The 
Development of Mitral Stenosis in Young People, Am. Heart J. 10:995, 1935) 
that the ultimate development of extensive valvular deformity either with or 
without actual stenosis probably requires a minimum of two years. 
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distinguish the electrocardiogram in the cases of mitral insufficiency 
from that in cases of mitral stenosis in our series (chart 1 C and D). 
First of all, auricular fibrillation never occurred in any of our cases 
of mitral insufficiency, no matter whether that lesion existed alone or 
was associated with aortic insufficiency. Second, the P wave was dif- 
ferent. A comparison of A and B with C and D in chart 1 will illus- 
trate this point. In only half the cases of mitral insufficiency was the 
P wave notched. When notching did occur, it was slight, and the P 
wave rarely was wide. The PR interval was usually normal, and the 
duration of ORS was short, about 0.06 second. The voltage of QRS 
in cases of pure mitral insufficiency was slightly lower than that in 
mitral stenosis. Lastly, right ventricular preponderance never occurred ; 
there was usually no preponderance or tendency to left ventricular 
preponderance. Taken all together, these characteristics distinguish the 
typical electrocardiogram of a patient with mitral insufficiency from 
that of a patient with mitral stenosis with a fair degree of accuracy. 


TABLE 3.—Correlation of Electrocardiographic and Anatomic Observations 
of Ventricular Preponderance 





Number of Cases Agreement Disagreement 


Right ventricular preponderance 5 40 
Left ventricular preponderance 2 18 
Tendency to right ventricular preponderance... 11 
Tendency to left ventricular preponderance.... 


Total (89%) 9 (11%) 





Finally, a few words must be said about our attempt to correlate 
the electrocardiographic signs of ventricular preponderance and the 
postmortem observations. From that correlation one important fact is 
learned: In our series the electrocardiogram was 89 per cent reliable 
in indicating ventricular preponderance whenever signs of preponder- 
ance were present. Valvular lesions, as a rule, result in an altered 
anatomic relationship between the ventricles. The effect of this altered 
anatomic relationship usually far outweighs the extracardiac factors, 
such as the type of chest and the height of the diaphragm. All patho- 
logic processes affecting the electrocardiographic signs of ventricular 
preponderance, such as a large hydrothorax and diaphragmatic abnor- 
malities, were of course carefully excluded from this series. These 
conditions can in most cases be ruled out by the clinician. If they are 
ruled out and if signs of ventricular preponderance are present, the 
electrocardiogram expresses anatomic relationship in such a high per- 
centage of cases (89 per cent) that one can rely on it. The terms right 
ventricular preponderance and left ventricular preponderance appear 
justified by the results of our correlation. In the last few years they 
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have frequently been replaced by the terms left axis deviation and 
right axis deviation. Yet it must be remembered that an electrical axis 
of the heart does not actually exist. It is a mathematical abstraction 
and surely not itself of great practical significance. On the other hand, 
knowledge of the preponderance of one ventricle over the other may 
be of great clinical importance. In cases of rheumatic valvular heart 
disease, therefore, it seems to us, the terms left ventricular prepon- 
derance and right ventricular preponderance are more expressive and 
more practical, and we believe that they should not be replaced by the 
terms left axis deviation and right axis deviation. 


SUMMARY 


Reports of 113 fatal cases of rheumatic disease of the mitral 
valve with autopsy records were collected and the electrocardiograms 
analyzed. Associated lesions of other valves were found to be the most 
important single factor affecting the electrocardiograms. 


Notching of the P wave was found to be the principal electro- 
cardiographic sign of mitral stenosis. Marked increase in height and 
width of the P wave, however, was always associated with hyper- 
trophy of both auricles and was therefore found to be common only 
in cases of mitral stenosis associated with disease of the tricuspid 
valve, and in these cases the notching was generally more marked. 

Right ventricular preponderance was noted in less than half the 
cases of uncomplicated disease of the mitral valve and therefore cannot 
be regarded as a characteristic sign of mitral stenosis. Right ventricular 
preponderance, however, was generally found in the “button-hole” 
type of mitral stenosis, but still more frequently right ventricular pre- 
ponderance was due to an associated lesion of the tricuspid valve. 

Left ventricular preponderance was never found in any case of 
mitral stenosis unless disease of the aortic valve also was present. 
When mitral stenosis was associated with aortic insufficiency, electro- 
cardiographic signs of ventricular preponderance depended solely on 
the extent of the leak in the aortic valve; in all cases of marked aortic 
insufficiency with high pulse pressure left ventricular preponderance 
was present, whether the associated mitral stenosis was slight or 
marked. 

The voltage of the chief ventricular deflection (QRS) in cases of 
mitral stenosis was never above normal unless aortic insufficiency 
coexisted. In cases of mitral stenosis with atrophy of the left ventricle, 
the voltage of QRS was normal. 

The electrocardiograms of persons with pure mitral insufficiency 
without stenosis were distinguished from those of persons with mitral 
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stenosis by a normal or nearly normal P wave. Auricular fibrillation 


or auricular flutter never occurred in pure mitral insufficiency, and 


ventricular preponderance was never to the right. 

Complete change from right ventricular preponderance to left ven- 
tricular preponderance and vice versa occurred only in cases of mitral 
stenosis associated with lesions of both the tricuspid and the aortic 
valve. 

A correlation of postmortem observations and electrocardiograms 
revealed that the electrocardiographic signs of ventricular preponder- 
ance, when present, indicated the anatomic relationship of the ventricles 
correctly in 89 per cent of the cases. 





GASTRO-INTESTINAL MANIFESTATIONS OF 
LYMPHOGRANULOMATOSIS (HODG- 
KIN’S DISEASE) 


DAVID SHERMAN, M.D. 


SYDNEY, NOVA SCOTIA, CANADA 


Since the publication of Schlagenhaufer’s work in 1913, studies of 
gastro-intestinal lymphogranulomatosis, particularly of the localized 
type, have been made from the clinical and pathologic points of view, 
and from these the basis of the present conception regarding this type 
of Hodgkin’s disease has been formed. Cases of Hodgkin's disease of 
this type warrant particular attention as the formulation of the correct 
clinical diagnosis is extremely difficult, notwithstanding the numerous 
laboratory procedures available. ‘The diagnosis is usually made after 
operation or at necropsy on the basis of the histologic picture and not 
on that of the gross anatomic features, which cannot be differentiated 
from those of other pathologic conditions. Two additional cases are 
here presented, and an analysis is made of the available clinical data 
regarding seventy-three cases reported in the literature. 

In 1889 Pitt described lesions in the stomach and duodenum as part 
of generalized Hodgkin’s disease. Wells and Maver, in 1904, collected 
reports of a series of two hundred and thirty-eight cases of pseudo- 
leukemia from the literature. In seven of these the changes were con- 
fined principally to the gastro-intestinal tract and consisted of marked 
hyperplasia of lymphoid tissue. They reported a new case of this 
specific form and suggested the term pseudoleukaemia gastro-intestinalis. 
The tendency for the disease to affect the gastro-intestinal tract alone 
caused them to present the condition “as a subdivision of the general 
group of cases that presents the anatomical and symptom complex of 
Hodgkin’s disease.” Similar cases have been reported by other inves- 
tigators.’ 


Ziegler found that about 35 per cent of the patients with Hodgkin’s 
disease complain of gastro-intestinal disturbances. He attempted a 
classification of the various types of Hodgkin’s disease, including the 
intestinal type, which he stated is rare. Ewing and later Biggs and 
Elliott differentiated. the conditions noted in the cases reported by 
Wells and Maver and others from lymphogranulomatosis and placed 
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them among those under the heading pseudoleukaemia gastro-intestinalis, 
which is defined as hyperplasia of the lymphoid tissue in the gastro- 
intestinal tract. 

Schlagenhaufer, in 1913, described a case of lymphogranulomatosis 
limited solely to the gastro-intestinal tract, without involvement even 
of the regional lymph glands. He is credited as being responsible for 
drawing attention to this type of Hodgkin’s disease. 

Terplan, Sternberg, Coronini and others have made outstanding 
contributions to the literature on this subject. 

Hayden and Apfelbach have attributed the recent recognition of the 
localized type of gastro-intestinal lymphogranulomatosis to the follow- 
ing factors: first, the striking similarity in the gross pathologic changes, 
as evidenced by infiltrations or ulcerations in the gastro-intestinal tract 
in lymphosarcoma, leukemia, pseudoleukemia and Hodgkin’s disease ; 
second, the disappearance of the many designations applied to Hodgkin's 
disease within recent years. Concomitant with that there has been a 
better differentiation of the histologic picture associated with lympho- 
granulomatosis, which has resulted in a more accurate diagnosis of the 
various lymphomatoses of the gastro-intestinal tract. Terplan has 
expressed the opinion that before 1913 in many cases of gastro-intestinal 
lymphogranulomatosis a misdiagnosis of tuberculosis of the bowel or 
lymphosarcoma was made. 

ETIOLOGY 

The etiology of Hodgkin’s disease is obscure. Stewart and Dobson 
have enumerated the different etiologic factors as follows: (1) an 
atypical form of tuberculosis,* (2) a specific infection due to diphtheroid 
bacillus,* (3) a neoplastic disease * and (4) a granuloma of unknown 
etiology. Wallhauser, Simonds and Barron in reviews of the literature 
on this disease have stated that the majority of the investigators have 
favored the latter view. Lubarsch classified Hodgkin’s disease in an 
intermediate position between infectious granuloma and a true tumor. 
Symmers, in 1924, declared that “Hodgkin’s disease does not provide 
any criteria by which it may be grouped either among the inflammatory 
diseases or among the neoplasms” and said he believed that it is an 
infection of the hemolytopoietic system. 


GROSS PATHOLOGIC FEATURES 

Terplan divided cases of Hodgkin’s disease of the gastro-intestinal 
tract into two groups, namely: (1) cases in which the gastro-intes- 
tinal tract is exclusively involved and (2) cases in which the gastro- 
intestinal lesions are part of a generalized or disseminated disease. 

2. Sternberg, Fraenkel and Lichtenstein. 
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The process is the same for the two types and usually starts as a 
nodular infiltration in the submucosa, which then protrudes into the 
lumen or invades the other coats of the gastro-intestinal wall. In the 
early stages of the disease isolated nodules or small tumors are present 
only in the submucosa. One can distinguish (1) the ulcerating type 
of lesion, which is more common and consists of numerous ulcers and 
infiltrations of the stomach and bowel, and (2) the tumor-like form, 
which may also be subdivided into (a) nodular infiltrations that involve 
a small segment, varying in size from that of a pinhead to that of a 
tangerine, and () a more diffuse involvement, which produces stricture 
of the bowel and is difficult to differentiate from carcinoma or sarcoma. 
Cases of the latter type of lesion with intestinal obstruction have been 
reported.’ Intussusception has been noted.® Steindl described a case 
of pyloric obstruction. Sternberg described another type, which is 
characterized by diffuse thickening of the wall, with prominent deep 
sinuous folds of thickened mucosa or rugae, described as resembling 
the convolutions of the cerebrum. 

The ulcer is irregular, with firm, elevated grayish white margins. 
The base of the ulcer may be clean or covered with a granular exudate. 
No tubercles can be demonstrated in the floor of the ulcer or serosa. 
The infiltration progresses from the margin of the ulcer and invades 
the adjacent tissues. It usually spreads to the regional lymph nodes, 
and the mesenteric nodes are practically always involved. The mesentery 
may also be diffusely infiltrated, presenting a tumor-like mass. Any 
portion of the gastro-intestinal tract may be involved, but the sites of 
predilection are the stomach, jejunum and ileum. Several parts of the 
tract are usually involved at the same time. In the stomach the pylorus 
is the region most frequently infiltrated. 

The ulceration in lymphogranulomatosis frequently involves the 
upper part of the gastro-intestinal tract, in contrast to the lesion in 
tuberculosis, which involves the lower segments. Schlagenhaufer 
stressed this as an important point in the differential diagnosis between 
the two conditions. 

The ulcerating process may extend through the various coats of the 
intestinal wall, perforating into the general peritoneal cavity and result- 
ing in peritonitis.” Hemorrhage and severe anemia have been observed.* 

Although ‘the principal manifestations of the disease are in the 
gastro-intestinal tract, dissemination to other organs, e. g., the spleen, 
liver, pancreas or peritoneum, may take place. The spleen and liver 
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are rarely enlarged. However, despite the absence of hepatospleno- 
megaly, in an analysis of seventy-three cases reported in the literature, 
in fifty of which postmortem examination was made, infiltrations were 
noted in the liver in eleven and in the spleen in fifteen. The pancreas 
was involved in six cases and the lungs in four. Lymphoganulomatous 
involvement of the esophagus, peritoneum, pleura, gallbladder, kidneys, 
thyroid, bone marrow, ovaries, submaxillary gland, pharynx or heart 
was observed in several cases. Enlargement of the superficial glands is 
infrequent.® 

The coexistence of old and active tuberculosis was noted by some 
investigators,’” the cases representing approximately 10 per cent of 
those reviewed. 

Typical Hodgkin’s disease usually presents a characteristic histo- 
logic structure, on which depends its recognition as a specific disease. It 
is described as a progressive diffuse granulomatous process which 
primarily involves lymphadenoid tissue. The initial change is hyper- 
plasia of the lymphoid reticulum; this is followed by the formation of a 
peculiar granulation tissue containing a wide variety of cells (poly- 
morphocellular tissue), which replaces the normal architecture. This 
tissue undergoes necrotic changes, and the process terminates with the 
formation of hyaline fibrous tissue. The chief characteristic of the 
cytologic picture is the polymorphous appearance of the tissue, giving to 
it a granulomatous character. The tissue is composed of varying quan- 
tities of small and large lymphocytes, reticulum cells, plasma cells, 
eosinophils, polymorphonuclear neutrophils, fibroblasts and mononuclear 
and multinuclear giant cells (described by Sternberg and Reed). In 


some instances there may be variations from the classic picture, which 


present a complex problem to the pathologist, so that histologic classifi- 
cation may be difficult. 
REPORT OF A CASE 

Case 1.—S. G., a 63 year old nurse, was admitted to the medical service of 
the Mount Sinai Hospital on Sept. 17, 1929. She was well until several weeks 
prior to entry, when she complained of epigastric distress and heaviness after 
meals, with occasional nausea and vomiting, accompanied with constipation. 

Past History—Appendectomy was performed in 1916 and panhysterectomy for 
carcinoma of the uterus in 1927. 

Physical Examination—The pupils were equal and regular and reacted to light 
and in accommodation. Hearing was unimpaired on both sides. Both drums 
were normal. The breathing was unobstructed, and no abnormality was noted in 
the nose, mouth or throat. The trachea was in the midline and freely movable. 
No masses were palpable. There was no evidence of adenopathy, The chest was 
symmetrical and moved freely with respiration. The percussion note was resonant. 
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Tactile and vocal fremitus were equal on the two sides. Breathing was vesicular. 
No rales were audible. The heart was not enlarged on percussion. The sounds 
were regular as to rate and rhythm. No murmurs were heard. The abdomen 
was soft and symmetrical. There were two vertical scars in the lower portion 
of the abdomen, one in the midline and one to the right of the midline (results of 
former operations). No tenderness or rigidity was noted. The liver and spleen 
were not palpable. Neurologic examination revealed no abnormality. Rectal 
examination showed no evidence of disease. 

Laboratory Examination—A Rehfuss test meal showed achlorhydria, with a 
total acidity of 19. 

Examination of the blood showed: hemoglobin, 63 per cent; red blood cells, 
4,030,000; white blood cells, 10,200; polymorphonuclears, 81 per cent; eosinophils, 
2 per cent; monocytes, 12 per cent; lymphocytes, 3 per cent, and myeloblasts, 
2 per cent. 

Examination of the urine revealed no abnormality, 

Gastro-intestinal examination revealed a defect involving the antrum and part 
of the body of the stomach. The duodenal bulb appeared regular. There was a 
slight delay in gastric motility. A diagnosis of a prepyloric new growth was made. 


Course.—After a two week stay in the hospital the patient was much relieved 
symptomatically. Roentgen therapy was instituted. She was discharged on Sep- 
tember 30 and went home to recuperate from her illness. In the middle of 
December pain began to develop in the spine, with vague, generalized muscular 
pains and stiffness. The pain in the spine rapidly became worse, so that the 
patient could hardly bend. There was exquisite tenderness over the lumbar portion 
of the spine. She returned to New York, and several days before her readmission 
to the hospital new pains developed on the adductor side of the left thigh and in 


the left popliteal region, in addition to the pain and tenderness in the back. The 
patient had had no symptoms referable to the gastro-intestinal system since dis- 
charge from the hospital. She complained of weakness. There was no loss of 
weight. On December 28 she was readmitted to the hospital. 


Physical Examination.—The pupils were equal and regular and reacted actively to 
light and in accommodation. The ears, nose and throat were normal. The lymphatic 
system showed no glandular enlargement. The chest moved freely on respiration. 
There was no impairment of resonance. The breathing was vesicular. No rales 
were heard. The heart was not enlarged, and the sounds were regular in rate, 
rhythm and volume. The aortic second sound was louder than the pulmonic 
second sound. The abdomen was soft. No masses were palpable. There was 
slight tenderness in the left upper quadrant of the abdomen. The liver and spleen 
were not enlarged. Tenderness on pressure was elicited over both sacro-iliac 
joints, especially on the right. The motion of the thighs was not limited or 
painful. Over the lateral aspect of the right fibula below the knee was a painless 
fixed hard red swelling. 


Laboratory Examination.—The blood count showed: hemoglobin, 66 per cent; 
red blood cells, 3,770,000; white blood cells, 11,800; polymorphonuclears, 74 per 
cent; lymphocytes, 21 per cent; monocytes, 3 per cent, and eosinophils, 3 per cent. 

Roentgen examination of the lumbosacral portion of the spine showed a moderate 
degree of spondylitis and arthritis of both sacro-iliac synchondroses and hip joints. 
Examination of the legs, including the knees and ankles, showed a fairly marked 
degree of hypertrophic arthritis of the knees, 

Gastro-intestinal examination showed the filling defect as previously reported. 
The process appeared to be further advanced, with more invasion of the lumen 





Fig. 1 (case 1).—Roentgenogram of the stomach made at the time of the 
patient’s admission to the hospital, showing the filling defect involving the antrum 
and part of the body. 











Fig. 2 (case 1).—Roentgenogram made when the patient was readmitted three 
months later. The filling defect has increased, with apparently more invasion 
of the lumen of the stomach in the region of the antrum and part of the body. 


The lumen of the stomach presents as a narrow channel in the prepyloric region. 
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of the stomach in the region of the antrum and part of the body. The lumen 
of the stomach presented as a narrow channel in the prepyloric region. Six hours 
after the meal a minute residue was present in the stomach. The duodenal bulb 
was small and complete. 

Operation.—The patient was given a transfusion of blood on Jan. 22, 1930, 
and an operation was performed by Dr. A. A. Berg. A mass was noted in the 
posterior wall of the stomach. Partial gastrectomy with no loop posterior suture 
gastro-enterostomy was performed. 


Biopsy.—The specimen studied consisted of the resected portion of the stomach 
and 2 cm. of the duodenum. It measured 8 cm. on the lesser curvature and 11 cm. 
on the greater curvature. Just off the lesser curvature, on the posterior wall 
near the region of the pylorus, there was felt a large, indurated resilient lesion 
surrounded by thickening of the wall. The serosal surface of the greater curvature 
was studded with small millet-seed-like bodies. There were no glands on the 
greater or the lesser omentum. The opened stomach revealed an irregular ulcer 
in the lesser curvature and on most of the posterior wall, which was stellate, 
with an elevated border and a sloughing base. The ulcer in its greatest length 
measured 2.5 cm. and in its greater breadth 1.5 cm. The surrounding mucosa 
for a considerable extent gave the impression of having an undetermined sub- 
mucosal involvement. The resected border seemed to be at least 2 cm. beyond 
the infiltrated area. 

The pathologic diagnosis was large round cell sarcoma. 


Course—The patient made an uneventful recovery from the operation but 
gradually started to fail, In April vomiting began, and she had marked anorexia 
and suffered from pain in the left lower quadrant of the abdomen. An enlarged 
node in the left axilla was noted at this time. The swelling observed previously 
over the right fibula had disappeared. Despite supportive treatment the patient 
continued to fail and died on June 14. 

Gross Postmortem Observations.—Gastro-Intestinal Tract: The esophagus was 
normal. The remaining upper third of the stomach was dilated, and the gastro- 
jejunal opening was patent. There were no ulcerations, but the wall of the 
stomach was indurated and firm, especially in the rugae, which stood up promi- 
nently. The induration extended radially from the gastrojejunal opening onto the 
anterior and posterior surfaces of the stomach, straddling the lesser curvature. 
The induration lessened toward the cardia. The jejunum at the point of anastomosis 
also was indurated, but to a lesser extent. The perigastric fat and lymph nodes 
were infiltrated by pearly white tissue, which was firm and from which no fluid 
could be expressed. The infiltrating tissue extended along the chain of lymph 
nodes on the superior and anterior surfaces of the body of the pancreas to the 
head but not quite to the tail. The duodenum was normal. The duodenal stump 
was closed and buried in adhesions. The ileum, colon and rectum were normal. 

Uterus and Adnexa: The uterus and adnexa were not present. The cervix 
could not be found, The space between the rectum and the bladder was obliterated 
by adhesions. 

Liver: The liver was normal in size and shape but somewhat firmer than 
normal. On section the central lobular areas were congested. The rest of the 
liver appeared somewhat fatty. A few scattered nodules the size of a pea were 
noted in the left lobe of the liver. They were round, pearly white, firm and 
distinctly demarcated from the rest of the hepatic tissue. In one area a surface 
nodule on the edge of the liver was contiguous with the infiltration in the gastro- 
hepatic omentum. 
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Pancreas: The pancreas appeared normal. The peripancreatic nodes were 
involved by tumor tissue. 

Other Organs: The lungs, heart, spleen, kidneys, bladder, ureters and adrenal 
glands showed no gross pathologic changes. 

Microscopic Postmortem Observations—Stomach: Infiltration by tumor tissue 
into the jejunum was noted across the line of anastomosis. There was a distinct 
change toward a more polymorphous cellular infiltration, with many giant cells, 
plasma cells, lymphocytes and eosinophilic polymorphonuclears, resembling a 
Hodgkin granuloma. The infiltration extended into the muscularis. Many cells 
with hyaline degeneration and a signet ring appearance were seen. 

Liver: Edema and congestion were noted, with granular degeneration and 
large fatty vacuolation of the hepatic cells. Many small infiltrations had destroyed 
the hepatic structure, producing a picture resembling that of Hodgkin’s granuloma. 

Lymph Nodes: The structure of the lymph nodes was destroyed and replaced 
by Hodgkin’s lymphogranuloma, There were areas of necrosis and fibrosis. 

Heart: The heart showed degeneration of the muscle fibers. A few scattered 
areas of fibrosis were present. 

Lungs: Some foci of bronchopneumonia alternating with areas of emphysema 
and edema were noted. 

Kidneys: The kidneys showed evidence of degeneration. 

Other Organs: The spleen, pancreas, small and large intestines, adrenal glands, 
bladder and ureters were normal. 

Comment.—The typical picture of Hodgkin’s lymphogranuloma of the stomach, 
perigastric lymph nodes and liver noted post mortem necessitated a review of the 
original surgical specimen. The infiltration in this specimen was strictly limited 
to the submucosa and did not invade the muscularis. The infiltration consisted of 
large mononuclear cells, each with a conspicuous large pale nucleus and a sharply 
outlined red nucleolus, small dark nucleated cells (resembling lymphocytes) of 
various sizes and many polymorphonuclear cells, among which were many 
eosinophils, and abundant mitotic figures. At the edges of the infiltration was 
noted arrangement of these cells in smaller and larger nodules. Occasional multi- 
nucleated cells with darker stained nuclei were seen. 

A consideration of the following factors would have permitted a diagnosis of 
Hodgkin’s disease rather than round cell sarcoma from the specimen removed 
for biopsy four months before: (1) the limitation of the infiltrated cells in the 
submucosa and (2) the polymorphism of the cell types. 

Diagnosis —The diagnosis was lymphogranulomatosis of the stomach, with 
infiltration of the gastrohepatic omentum, the perigastric and peripancreatic lymph 
nodes and the liver. The status was typical of that following partial gastrectomy, 
with degeneration of the heart, liver and kidneys, and of that following panhys- 
terectomy for carcinoma of the uterus and appendectomy. 


COMMENT 


Steindl, in 1924, reported the first case of lymphogranuloma local- 
ized to the stomach in which operation was successful. The clinical 
diagnosis was carcinoma of the stomach. Operation revealed an infil- 


trating tumor of the pyloric and prepyloric regions, with involvement of 


the glands in the lesser curvature and gastrocolic omentum. No evi- 
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dence of lymphogranulomatosis was noted in the other abdominal 
organs. Gastric resection was performed. ‘The patient was well one 
year after operation. 

Reports of the following cases have been obtained from the litera- 
ture: 

1. Similar cases in which operation was successful." 

2. Isolated lymphogranulomatous lesions of the stomach, estab- 
lished by postmortem examination.'? Singer stated that extreme caution 
must be exercised in deciding that gastro-intestinal lymphogranulomato- 
sis is strictly isolated. The fallacy of surgical procedure must be 
appreciated, as the surgeon may overlook lesions in organs that are 
inaccessible or lesions that are minute. One of Vasiliu’s patients died 
shortly after gastric resection. Autopsy revealed a small infiltration in 
the spleen. In this case operation had disclosed only a mass in the 
stomach, with no evidence of disease elsewhere. The postmortem 
examination showed small infiJtrations in the liver. 

3. Cases of lymphogranulomatosis of the stomach with abdominal 
involvement.'* 

4. The presence of coincident and limited involvement of the 
stomach and bowel. 

REPORT OF A CASE 

Case 2.—I. S., a 36 year old woman, was admitted to the medical service of 
the Mount Sinai Hospital on Dec. 27, 1934. She was well until one year before 
entry, when she complained of pain in the umbilical region which came on from 
one-half to two hours after meals and was associated with nausea. The pain was 
pressing and did not radiate. It was relieved by induced vomiting but not by 
food or alkali. 

Past History —Ten months before admission to the hospital the patient was 
prescribed a Sippy diet and rest in bed, which relieved the pain. At this time 
she was sent to another hospital, where she remained for three weeks, with the 
continuation of the Sippy diet and rest. A gastro-intestinal examination revealed 
no abnormality. Two weeks after discharge from the hospital she began to 
experience epigastric pain that was unrelated to meals and was initiated by 
nervousness and anger. The pain was burning in character and unrelieved by the 
Sippy diet, 

Four months before admission to the Mount Sinai Hospital she entered another 
hospital, where complete examination of the gastro-intestina! tract failed to reveal 
any abnormality. She was given a blood transfusion and placed on a rich diet, 
which seemed td increase her appetite and relieve the epigastric pain. During 


11. Neuber, von Redwitz, Thiemer, Froboese and Vasiliu. 

12. Kan, Singer, Mittelbach, Baumgartner, Dudits and Sussig. 

13. Hayden and Apfelbach, Hess, Terplan, Scott and Forman, Tschilow, Dudits 
and Coronini. 

14. Coronini, Drope, de Groot, Terplan and Wallesch, Novotny, Kaznelson 
and Schlagenhaufer. 
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her stay in the hospital pain developed in the left lower quadrant of the abdomen, 
coming on two or three hours after meals and being associated with abdominal 
distention and inability to pass gas or feces. She received daily enemas and colonic 
irrigations, which relieved the distention. 

On admission to the Mount Sinai Hospital her chief complaints were the 
epigastric pain associated with nervousness and the colicky pain in the left lower 
quadrant of the abdomen. She stated that she had never noticed tarry or bloody 
stools, diarrhea or bouts of fever. During the past year she had become pro- 
gressively weaker and had lost 23 pounds (10.5 Kg.). 

For two years she experienced dyspnea and palpitation after climbing two 
flights of stairs, but for three or four months prior to the present admission 
to the hospital she had these symptoms even while at rest. No pain in the chest, 
cough or edema was noted. The patient claimed that she had not observed any 
tremors or enlargement of the neck. 

The menses were regular until nine months before the patient entered the 
hospital. Since then there had been two periods, the last one occurring six months 
before entry. Each of these periods lasted for three days, in contrast to the usual 
duration of five or six days. She denied the possibility of pregnancy. 

Bilateral mastoidectomy was performed twenty-six years before the present 
admission to the hospital. 

Physical Examination—The patient appeared pale and emaciated. Scars of 
the previous bilateral mastoidectomy were noted, with an open sinus, 4 mm. wide, 
on the right side. The right ear drum showed no landmarks, and the membrane 
was opaque and gray. The left ear drum showed a light reflex but was distorted. 
There was no discharge. Examination of the chest revealed no abnormality. 
The breasts were atrophied. A papillomatous wartlike growth was noted in the 
right nipple. The heart was not enlarged. The first sound was loud and snapping. 
It was preceded by a faint presystolic rumble, which was brought out best with 
exercise and with the patient in the left lateral recumbent position. The pulmonic 
second sound was louder than the aortic second sound. The rhythm was regular. 
The blood pressure was 88 systolic and 58 diastolic. There was definite clubbing 
of the fingers. The abdomen was uniformly distended. There was generalized 
tenderness, which was maximal in the epigastrium and on the left side of the 
abdomen. There was voluntary spasm in the upper portion of the abdomen and 
along the entire left rectus muscle. No masses were palpable. There was no evi- 
dence of ascites. The liver and spleen were not palpable. 

Diagnosis—The diagnosis made by the house physician at the time of the 
patient’s entry was: (1) chronic cardiovascular disease with mitral stenosis and 
(2) tuberculous peritonitis. 


Laboratory Examination—The blood count showed: hemoglobin, 43 per cent; 
red blood cells, 2,610,000; white blood cells, 6,100; polymorphonuclears, 84 per 
cent; lymphocytes, 8 per cent; monocytes, 5 per cent, and eosinophils, 3 per cent. 
The sedimentation time was thirteen minutes. Chemical analysis of the blood 
showed: amylase, less than 1 mg.; calcium, 8.3 mg. per hundred cubic centimeters ; 


phosphorus, 4.2 mg., and total proteins, 4.8 mg. The icteric index was 4. 


The urine was normal. Analysis of the gastric contents after a Rehfuss test 
meal showed total acidity 52 and free acid 30. The Wassermann reaction was 
negative. 

The stool showed a positive reaction to guaiac. Examination after the addition 
of antiformin showed no tubercle bacilli. Sigmoidoscopy showed some tiny pitted 
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areas suggestive of healed ulcers. Specimens from these ulcers taken for biopsy 
showed no significant change. 

The Mantoux test showed a positive reaction. 

Fluoroscopy of the heart revealed prominence of the pulmonary conus but no 
definite enlargement. 

Gynecologic examination disclosed no abnormality. 

A gastro-intestinal study on Jan. 2, 1935, revealed no abnormality of the 
stomach and duodenal bulb. Examination of the small bowel two, four, six and 
eight hours after eating showed the outline to be irregular. There were irregular 
dilatations and constrictions which were not constant as to location. Reexamina- 
tion was advised. On January 9 reexamination of the gastro-intestinal tract with 
special reference to the small bowel again showed evidence of irregular constric- 
tions and dilatations of the small bowel, with delayed motility. At least two of 
these constrictions were constantly demonstrated. The roentgen findings suggested 
the possibility of tuberculous peritonitis or of a malignant growth. A barium 
sulfate enema showed marked irregular spasms in the cecum, the ascending colon 
and the proximal portion of the transverse colon. 

Roentgenograms of the chest on several occasions revealed no abnormality. 
While in the hospital the patient had sudden attacks of tachycardia; the electro- 
cardiogram showed evidence of supraventricular tachycardia. 

Abdominal puncture was performed; a small amount of fluid was obtained, 
which revealed an occasional polymorphonuclear or mononuclear cell but no 
tubercle bacilli. 

At this time it was decided that exploratory laparotomy was indicated, to be 
preceded by another gastro-intestinal examination. Meanwhile the patient con- 
tinued to fail in spite of a high caloric diet and vitamin and liver therapy. Edema 
of the legs appeared, and the total protein content of the blood continued to be low. 

The third gastro-intestinal examination showed the stomach and duodenum to 
be normal. Observations were made two, four, six, eight and ten hours after 
eating, in order to study the small intestine. On all the films the distal portion of 
the jejunum and perhaps the beginning portion of the ileum showed areas of con- 
striction and dilatation. The margins of this portion of the bowel appeared irregu- 
lar and fuzzy. At the ten hour examination delayed motility of the small bowel 
was noted. The findings were considered as those seen in nonspecific ulcerating 
enteritis. 


Course.—Shortly thereafter profuse diaphoresis developed, and the patient went 
into a stupor. The hemoglobin value was 40 per cent at this time. A transfusion 
of 500 cc. of citrated blood was given, and the patient responded somewhat. How- 
ever, she went into a stupor again, and catatonic phenomena developed. This was 
felt to be due to a toxic exhaustive state. She continued to be in a stupor and 
there were signs of fluid at the base of the left lung, with marked edema of the 
ankles, legs and conjunctivae. Despite all supportive treatment the patient died on 
February 24. During her stay in the hospital the temperature was elevated. 


Gross Postmortem Examination—Abdomen: The abdomen was moderately 
distended. The anterior wall was markedly edematous. The peritoneum was 
smooth and glistening. The greater omentum was adherent to a proximal jejunal 
loop. In the pelvis there were several hundred cubic centimeters of free colorless, 
somewhat turbid fluid, smears of which showed occasional lymphocytes. At the 
root of the mesentery a firm mass could be felt, which was irregularly outlined and 
measured 4 by 7 cm. in diameter. 





Fig. 3 (case 2).—Roentgenogram of the small bowel, showing irregular con- 
strictions and dilatations of the jejunum. There was delayed motility of the 
small bowel. 





Fig. 4 (case 2).—A second roentgenogram of the small bowel. 
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Chest: In the right pleural cavity there was a moderate amount of clear amber 
fluid. The left pleural cavity contained a moderate amount of whitish, turbid fluid, 
smears of which showed many polymorphonuclear leukocytes; no bacteria were 
seen. There were diffuse rather loose fibrous adhesions over the apex of the right 
lung posteriorly. 

Heart: The heart weighed 225 Gm. The pericardial sac contained a moderately 
increased amount of clear amber fluid. The parietal pericardium showed firm 
fibrous adhesions to the epicardium along the anterior interventricular groove and 
over the apex anteriorly. The myocardium was firm and red. The right auricle 
showed no change. The tricuspid valve was diffusely and moderately opaque and 
thickened ; the anterior and septal leaflets were fused for a distance of about 1 cm. 
Along the closure line a narrow row of fine translucent and somewhat firm verrucae 
could be seen. In the right ventricle the trabeculae corneae were slightly prominent 
and flattened. The left auricle was moderately widened and showed a moderate 
diffuse opaque thickening of the endocardium; the auricular wall was definitely 
thickened. The mitral valve presented marked diffuse thickening and was opaque. 
The leaflets were rigid. A shelf was formed by the rolling of the free edge 
beneath which the chordae tendineae inserted. These were moderately to mark- 
edly thickened and shortened and were fused, especially near their insertions into 
the valve. Along the line of closure the mitral valve presented a row of slightly 
firm translucent verrucous excrescences, which measured up to 0.5 mm. in diameter. 
The left ventricle was slightly dilated and hypertrophied, and the apex was rounded. 
The aortic leaflets presented slight granulation of the surface on the ventricular 
aspect in the area between the closure line and the free edge. The coronary 
arteries were patent throughout and showed slight yellow intimal flecking. The 
orifice of the right coronary artery was narrow. The aorta was elastic and showed 
little yellow intimal flecking in the abdominal portion. 

Lungs: The lungs weighed 820 Gm. Except for the apex of the right lung 
posteriorly, the surface was smooth, glistening and gray, with a tinge of purple. 
The lungs were subcrepitant throughout. A moderate amount of clear, somewhat 
frothy fluid flowed on pressure. In the lower lobe of the left lung posterosuperiorly 
a calcified nodule, 2 mm. in diameter, was present. The bronchi showed no changes. 
The main pulmonary trunk was occluded by a moderately soft dark red blood 
clot, which continued into the larger and medium-sized branches. The pulmonary 
veins showed no changes. 

Thyroid: There was a cyst, 0.5 cm. in diameter, in the lower pole of the left 
lobe. 

Adrenals: The adrenal glands showed no changes grossly. 

Spleen: The spleen weighed 75 Gm. The capsule was smooth. The cut 
surface was firm, flat and moist. The pulp was red; the lymphatic follicles and 
trabecular tissue could be recognized. An accessory spleen, 1.2 cm. in diameter, 
was present in the gastrosplenic ligament and showed the same structure. 

Liver: The liver was large, weighing 1,490 Gm. The surface was smooth, 
and the consistency was somewhat flabby. On section the surface was brownish 
yellow. Irregularly scattered throughout the liver were many moderately defined 
yellow areas from 1 to 3 mm. in diameter. 

Pancreas: The pancreas was firm and yellowish gray and presented a normal 
lobular structure. Around the pancreas and the portal area several moderately 
firm lymph nodes were present, measuring up to 1.5 cm. in diameter. On section 
they showed a moist homogeneous reddish gray surface. 

Gastro-Intestinal Tract: The esophagus showed no changes. The stomach 
was markedly distended and contained several hundred cubic centimeters of 
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greenish gray turbid fluid. In the wall of the stomach a firm nodule the size of a 
pinhead could be felt. The gastric mucosa was covered with thick grayish mucous 
material. The duodenal mucosa was bile stained. The duodenum and the upper 
portion of the jejunum were not distended. About 30 cm. below the ligament of 
Treitz the jejunum showed normal brownish gray mucosal folds and had a cir- 
cumference of about 8.5 cm. One of these folds was prominent and firm and could 
not be lifted up from the intestinal wall. On section this fold contained a 
homogeneous grayish white, firm infiltration, which grossly could not be distin- 
guished or separated from the serosal membrane. The infiltrated fold was fol- 
lowed by an area, about 2 cm. long, of poorly defined firm, flat elevations, from 
0.5 to 1 cm. in diameter, and presented a greenish discoloration. Beyond this 
area the jejunal wall was moderately and diffusely thickened throughout and in 
addition presented firm elevated areas, which sometimes could be recognized as 
distended and infiltrated mucosal folds and which in some instances showed small 
firm papillomatous excrescences. At this site the serosal membrane was reddish 
blue, with distinct vascular injection. Small firm whitish nodules, apparently sub- 
serosal, from 1 to 3 mm. in diameter, were prominent at the serosal aspect. The 
greater omentum was adherent to this area. The omental adhesions contained a 
firm lymph node, 1 by 0.5 cm. in diameter, which on section presented an irregular 
and intensely congested periphery, the center being formed by a firm homogeneous 
white nodule with flat cut surface; it was sharply defined from the congested area, 
except in one small zone. In the distal part of these regions the distentions of 
the mucosal folds were thin and narrow; they stood about 2 or 3 mm. apart from 
each other. The mucosal surface was slightly granular. In this area the serosa 
showed no obvious changes. The adjacent area, which was about 3 cm. long, 
showed the intestinal wall to be thinned and bulging, especially in one area, which 
was 2 cm. long and 3 cm. wide, and presented an ulcerated mucosal surface with 
serpiginous elevated edges. The base of this zone showed flattened and widened 
intestinal folds with a reddish gray dull granular mucosa, which presented small 


shallow oval erosions with a firm gray base or larger and deeper ulcers, which 


included the muscular layer and had a firm raised serpiginous border and an 
irregularly infiltrated base. 

Distally the intestinal wall became gradually thicker and firmer. The ulcera- 
tions became deeper, their edges steeper and the nonulcerated surface more and 
more even. This zone was 3 cm. long and gradually led to an area of marked 
narrowing of the lumen, which showed a length of 2 cm., its isthmus showing a 
circumference of 3 cm. At this site the wall was 3 mm. thick and on cross-section 
showed a homogeneous grayish white surface. The mucosal surface in this vicinity 
was practically flat and showed slight granulation in some areas. Distally, in a 
zone 4 cm. long, the intestinal wall again was thinned and bulged outwardly. 
After 2 cm. it regained a lumen of normal width, which again, toward the end of 
this zone, ran out into a narrowed portion of the jejunum, 3.5 cm. in diameter, 
containing deep punched-out ulcerations with a steep edge and a flat base. There 
were also areas where the intestinal wall was thickened and showed superficial 
and irregular ulcerations as well as broad flat folds. After 4 cm. of firm, 
moderately distended, rather regular intestinal folds, the lumen gradually reached 
a normal width, with a grossly normal mucosal membrane for a length of 7 cm., 
while the serosa in the former areas showed the same changes as described for the 
site of the omental adhesions. Here the serosa for the first time showed no gross 
change. Then again an area of diffuse infiltration, with elevation and distention 
of the folds, was encountered, which was 5 cm. long and led to a stricture that was 





74 ARCHIVES OF INTERNAL MEDICINE 


3.5 cm. wide and 1.5 cm. long. Beyond this stricture, which gave the same picture 
as that previously mentioned, the lumen and intestinal wall regained a normal 
appearance. 

At the root of the mesentery was an area measuring about 4 by 7 cm. The 
lymph nodes measured up to 1.5 by 2 cm. They were firm, and their capsules 
were fused. The larger part of the cut surface of the nodes showed a moderately 
firm flat, homogeneously white area, which in most instances was sharply defined. 
The remainder of the cut surface of these lymph nodes was grayish red, with 
small irregular red spots. Other lymph nodes, which were somewhat firmer, 
showed a slightly bulging gray and slightly congested cut surface, with little 
irregularity and indistinctly outlined white areas 1 by 2 mm. in diameter. 

Genito-Urinary Tract: The kidneys were of equal size and together weighed 
22 Gm. The surfaces were congested and smooth, except for several irregular 
shallow linear markedly congested depressions, which were present especially at 
the convexity of the kidney. The capsules stripped easily. The cut surface was 
markedly congested and showed distinct corticomedullary demarcation. The pelves, 
ureters and bladder showed no changes. 

The uterus, fallopian tubes and ovaries showed no changes grossly. 

3rain: The calvarium was normal. The dura was normal and stripped easily. 
The meninges were thin and transparent throughout. The sulci, particularly in 
both frontal lobes, were widened and deepened, and there was moderate convolu- 
tional atrophy over the frontal lobes. There was slight congestion of the vessels 
over the convexity. 

Macroscopic Postmortem Examination—Brain: There were degenerative 
changes in many nerve cells and some distortion of the cortical lamellations. 
Small foci of rarefaction and softening were seen. There was a glial reaction in 
the form of subcortical gliosis. Many vessels possessed thickened walls and 
showed proliferation of the endothelium. 

Jejunum: (a) On the edge proximal to the lesion the mucosal membrane 
showed moderate plasma cell and lymphocytic infiltration, with occasional poly- 
morphonuclear leukocytes. There was slight capillary congestion. The submucosal 
and muscular layers showed no change. Suddenly the submucosal and muscular 
layers were seen to be infiltrated, and their structure was obliterated by granula- 
tion tissue. Shortly afterward the mucosal membrane became involved. At the 
site of the first infiltrated intestinal fold the entire wall, except for the serosa and 
subserosa, was involved; only single islands of mucosal epithelium, fragments of 
muscular fibers and single muscular nuclei could be recognized. The infiltration 
consisted of lymphocytes and cells with long oval or rod-shaped nuclei containing 
finely dispersed granular chromatin and surrounded with slightly eosinophilic 
homogeneous protoplasm (histiocytes) ; plasma cells were present. 

There were seen numerous scattered polynucleated and mononucleated giant 
cells with central, polymorphous and overlapping nuclei and sparse basophilic 
protoplasm. At one point the mucosa was denuded. The surface was covered by 
amorphous blue-staining material beneath which were many pyknotic nuclei and 
a narrow zone of leukocytic infiltration. Beyond the first infiltrated fold the 
intestinal wall became much thinner, and its structure could not be recognized. 
The external part of the wall consisted largely of collagenous tissue, which was 
well vascularized and contained long, thin, spindle-shaped cells, round cells and 
reticulum cells. There were occasional polymorphonuclear leukocytes and plasma 
cells. 

(b) Section through the wall of the first strictured area showed the muscular 
layer to be well preserved. Only in some areas did the cellular granulation tissue 





SHERMAN—LYMPHOGRANULOMATOSIS 


dip between the muscular bundles of the circular layer. The submucosal layer 
was infiltrated by granulation tissue; there were large areas of necrosis, which 
tended to become surrounded by collagenous fibers. The muscularis mucosa, 
though infiltrated and interrupted in places, could be recognized. In the mucosal 
area mucosal cells could not be made out; there was capillary granulation, which 
showed slight compression of the surface. In the adjacent ulcerative area the 
mucosal, submucosal and circular muscular layers were wanting. The base of the 
ulceration was formed by a somewhat hyalinized and vacuolated muscular tissue 
which contained pyknotic nuclei. The remainder of the thin wall was formed by 
cellular granulation tissue. 

(c) Section through the thin area showed stretched-out intestinal mucosa with 
a moderate diffuse infiltration of lymphocytes, eosinophilic leukocytes and plasma 
cells. 

Section through the first nodular area showed the entire wall involved by the 
granulation tissue; there were large necrotic areas in which giant cells were 
obvious. In places the granulation tissue was continuous with the adherent greater 
omentum, 

Section through the area of adherent and normal folds distal to the second 
stricture showed that in the adherent folds the mucosal and submucosal areas were 
involved to a moderate degree. The muscularis mucosa and in places the mucosal 
crypts could be recognized. In certain areas the granulation tissue was con- 
tinuous with the interstitium of the circular muscular layer. In places the muscular 
bundles of the longitudinal muscular layers were separated by narrow strands of 
granulation tissue. The peritoneum showed moderate fibrotic thickening. The 
adjacent area presented normal jejunal folds the mucosal membrane of which 
showed diffuse lymphocytic and plasma cell infiltration and several eosinophilic 
leukocytes. 

Lymph Nodes: In the lymph nodes of the mesenteric root the lymphatic 
structure was obscured. The nodes showed granulation tissue with wide areas 
of caseation. The entire lymph node of the adherent greater omentum was involved, 
showing a large central area of caseation. No capsule could be made out. The 
peritoneal fat tissue showed interstitial round cell infiltration and infiltration with 
granulation tissue. In the portal lymph nodes the sinuses were wide and filled 
with polymorphonuclear leukocytes. One lymph node showed much fat tissue and 
congestion. 

Cardiovascular System: The auricular endocardium showed diffuse fibro- 
elastic thickening. The mitral valve showed irregular fibrous thickening. This 
fibrous tissue as well as the auricular subendocardium contained blood vessels. 
The valve contained many fibroblasts and fibrocytes, which were increased in 
areas; in some places there were a few lymphocytes. 

The ventricular endocardium showed no change. There was slight ventricular 
interstitial focal fibrosis. The tricuspid valve showed diffuse fibrosis. There were 
several capillaries in the valve. The aortic valve also showed moderate fibrous 
thickening. 

Lungs: The pleura of the upper lobe of the left lung showed no changes. 
There was diffuse congestion, and a large number of polymorphonuclear leuko- 
cytes were present in the alveolar walls throughout the section. The lower lobe 
of the left lung showed emphysema, congestion and edema. The pulmonary 


arteries were filled with blood clot; in places their walls showed slight poly- 
morphonuclear and round cell infiltration. In a few small areas the alveoli were 
filled with polymorphonuclear leukocytes. 

Adrenal Glands: The adrenal glands showed no change. 





76 ARCHIVES OF INTERNAL MEDICINE 


Spleen: The pulp was irregularly congested and contained many polymorpho- 
nuclear leukocytes and a moderate number of round cells. 

Liver: The portal fields showed slight round cell infiltration. The hepatic 
cells were indistinctly outlined and small, and the protoplasm was cloudy and 
granular. The cells contained large droplets of fat. 

Stomach: Section through the small intramural nodule showed a myoma at 
the edge of the submucosal and muscular layer. 

Kidney: The capsule was thin, and the surface showed shallow depressions. 
There was diffuse moderate congestion, more marked in the medulla. 

Urinary Bladder: There was slight diffuse infiltration in the submucosa by 
round and polymorphonuclear cells. 

Ovaries: Section of the ovaries showed no change. 

Comment.—The diagnoses entertained both clinically and roentgenologically 
rested between tuberculous peritonitis, lymphosarcoma and nonspecific granulom- 
atous enteritis. Even after all diagnostic aids had been exhausted and carefully 
studied a definite diagnosis could not be formulated. It was therefore felt that 
exploratory laparotomy was strongly indicated from the diagnostic and therapeutic 
standpoints. However, the patient’s condition became rapidly worse, and death 
ensued shortly. 

Diagnosis—The diagnosis was as follows: granuloma of the jejunum 
(Hodgkin’s) with caseating mesenteric lymph nodes; rheumatic heart disease ; 
mitral and tricuspid stenosis; adherent pericarditis; subacute verrucous endocar- 
ditis of the tricuspid, mitral and aortic valves; hypertrophy and dilatation 
(marked) of the left auricle; dilatation and hypertrophy (slight) of the right 
side of the heart; massive embolization of the pulmonary arteries; pulmonary con- 
gestion and edema; bilateral pleural effusion (3 ounces [90 cc.]) ; ascites (5 ounces 
[150 ce.]) ; chronic congestion of the spleen, kidneys, lungs and pancreas; fatty 
changes in the liver; adenoma of the thyroid gland, with cystic degeneration, and 
endarteritis of the cerebral vessels, with cerebral atrophy and multiple areas of 
encephalomalacia. 

REVIEW OF DATA 


Type of Lesion——Primary isolated lymphogranuloma of the small 
intestine is rare. Fischer, in 1913, is credited with being the first to 
describe this condition. 


Catsaras and Georgantas described a case in which a clinical diag- 
nosis of intestinal obstruction had been made and in which the condition 
was found to be due to a large nodule in the ileocecal region. Histologic 
examination of the specimen pointed to a diagnosis of lymphogranulom- 
atosis. The patient died several months later, but permission for post- 
mortem examination was not obtained. 

Several cases in which isolated lymphogranulomatous lesions of the 
bowel were discovered at operation and successfully resected have been 
described ; '® in others the lesion was discovered at necropsy.'® 

In the cases in which operation was performed (including cases in 
which the patients were alive at the time of publication of the articles *° 
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and those cases in which the patients died after surgical intervention 
without postmortem examination '*) the lesions cannot be strictly clas- 
sified as isolated, because the extent of the disease was determined only 
by laparotomy, which does not include a detailed pathologic exami- 
nation. 

Diffuse involvement of the small bowel, with no evidence of disease 


elsewhere, was observed by several investigators.'* In the case reported 


on by Sussig only the large and small intestines were involved. 

Incidence.—In an analysis of seventy-five cases of gastro-intestinal 
lymphogranulomatosis reported in the literature and the present two 
cases it was found that over 50 per cent of the cases occurred in patients 
between the ages of 40 and 60, 10 per cent in patients between the ages 
of 60 and 70 and the remainder in patients of other age periods. The 
largest individual group of patients were between 50 and 60 years old. 
Men formed the majority of the patients, in a ratio of almost two 
to one. 

History and Symptoms.—With the gastric type of lesion the chief 
symptoms were epigastric pain and distress of varying severity after 
meals, vomiting and nausea, eructations of gas, weakness and loss of 
appetite and weight. There might be hematemesis and melena. The 
duration of symptoms varied from a short time to several years with 
remissions. In the case of gastric involvement reported here the dura- 
tion was of several weeks only. 

Physical examination usually revealed no abnormality, except for 
occasional emaciation. A palpable mass was uncommon but was 


observed in some cases.'* No mass was observed in our patient. The 
liver and spleen usually were not palpable. Superficial glandular 
enlargement was infrequent. 

Achlorhydria is not a constant finding but was present in our patient 
and in others.*° 

The diagnosis usually made was carcinoma or ulcer of the stomach. 
The former diagnosis was made more frequently. 

The intestinal type of lesion was characterized by the following 
symptoms: increased malaise, weakness, loss of weight, loss of appetite 


and the predominance of abdominal symptoms, namely, abdominal pain, 


meteorism, diarrhea, constipation or alternating diarrhea and constipa- 
tion. Melena was not common. 


17. Ringdal, Wahlgren and Catsaras and Georgantas. 
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Physical examination sometimes revealed a palpable resistance or 
a mass in the abdomen. Irregular bouts of fever were occasionally 
present. 

Examination of the blood frequently showed secondary anemia, with 
polymorphonucleosis and leukopenia. In some cases there was slight 
eosinophilia. In the cases reported on by Wald and Hanneborg there 
was marked eosinophilia. Tschilow noted monocytosis in his case. 

The symptoms with the intestinal type of lesion appeared in two 
forms: (1) the inflammatory symptoms—the diagnosis usually being 
tuberculous enterocolitis—and (2) the obstructive symptoms—the diag- 
nosis commonly being carcinoma. 

Complications, such as hemorrhage, intussusception and perforation, 
have already been described. Ascites was noted in some cases.” Coronini 
observed jaundice in a case of gastrolymphogranulomatosis, which on 
postmortem examination was observed to be due to enlargement of the 
regional glands at the porta hepatis. 

Roentgen Aspect—The roentgen appearance in the gastric type 
of lesion, as observed by Holmes, Dresser and Camp, did not differ 
from that of carcinoma, except that in some cases peristalsis was not 
interfered with to the extent generally seen in carcinoma. The diag- 
nosis based on the roentgen findings was carcinoma of the stomach in 
five cases and lymphoblastoma in one case (in which biopsy was per- 
formed). 

Kaznelson, in 1924, described a case in which pyloric stenosis and 
niche formation were noted and in which a diagnosis of gastric ulcer, pos- 
sibly malignant, was made. He stated on review of the case after post- 
mortem examination that increase of a gastric niche, with fever, malaise 
and diarrhea, should suggest the presence of lymphogranulomatosis not 
only of the stomach but of the intestine as well. 

Junghagen described two types in which lymphogranulomatosis 
occurred in the stomach, first, as a manifestation of the generalized 
form of Hodgkin’s disease and, second, as a localized form of the dis- 
ease, the so-called neoplastic type. In the first type the roentgen find- 
ings were similar to those of ulcer. The ulcer usually enlarged and 
aroused the suspicion of malignancy. In the second type the process 
was generally localized to the pyloric canal and caused stenosis of the 
lumen. The author pointed out, however, that when the muscular 
layer had been infiltrated only partially by the lymphogranulomatous 
tissue to produce a filling defect, definite peristaltic waves were noted 
passing over the region of the lesion. In other respects the roentgen 
appearance conformed to that of carcinoma. 


21. Weinberg, Coronini and Sussig. 
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Ruggles and Stone claimed that there is no type of lesion or region 
of involvement characteristic of the disease and that therefore there is 
no characteristic picture. When gastric peristalsis persists and there is 
a lesion of the stomach, this lesion is most likely to be a lymphoblastoma. 

In the majority of cases the roentgen diagnosis was carcinoma of the 
stomach, and in a few instances, ulcer. The pylorus was the region 
frequently involved. 

Review of the literature shows that the roentgen findings in the 


intestinal type of Hodgkin’s disease are meager. There is apparently 
no specific form of roentgen diagnosis. The clinical picture is one 


usually of enteritis or obstruction of the bowel. In the second case 
reported here the roentgenograms showed irregular constrictions and 
dilatations of the small bowel, which were interpreted as due to non- 
specific ulcerative enteritis, but these findings were no different from 
those usually observed in cases of tuberculous peritonitis or intestinal 
malignant growth. 

In a review of the records of the Mount Sinai Hospital three cases 
were found which might be interpreted as instances of localized gastro- 
intestinal Hodgkin’s disease; the reports are not given here in detail 
because complete examinations were not made. 

Treatment.—Holmes, Dresser and Camp have shown the striking 
effects of roentgen therapy on lymphoblastomas. They recorded the 
case of a woman aged 64 who had been receiving roentgen treatment 
for enlarged peripheral glands which had proved on biopsy to contain 
a malignant lymphoma. Later, gastric symptoms developed. <A gastro- 
intestinal examination revealed a filling defect involving the lower third 
of the stomach. The patient received a course of roentgen radiation 
Two months later roentgen examination of the stomach showed that 
the filling defect had markedly diminished in size and that peristaltic 
waves passed over without interruption. Ruggles and Stone strongly 
advised roentgen therapy for lymphoblastoma. 

Sussig, Singer and other writers have advocated surgical resection 
combined with roentgen therapy for localized lymphogranulomatous 
lesions of the gastro-intestinal tract. Vasiliu, Steindl, Froboese and 
others, as pointed out early in this paper, have reported on patients who 
underwent resection of the lesions successfully and who were alive from 
several months to several years after operation. When the lesions are 
inoperable or surgical intervention is contraindicated, roentgen therapy 
is advocated for the amelioration of symptoms and prolongation of life. 


SUM MARY 
Two cases of gastro-intestinal lymphogranulomatosis are reported. 
A review of seventy-three reports of cases selected from the litera- 
ture has been made to evaluate the various manifestations of the disease. 
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The disease usually simulates one of four main clinical entities: 
(a) gastric carcinoma, (b) gastric ulcer, (c) enterocolitis or (d) 
obstruction of the bowel. 

There are no specific roentgen findings typical of the condition. 

The characteristics of generalized Hodgkin’s disease, for example 
superficial glandular enlargement, enlargement of the liver and spleen 


and hematologic changes, are usually absent. 
The diagnosis is established after operation or at necropsy, rarely 
by biopsy. The microscopic changes may at times be difficult to differ- 


entiate from those of lymphosarcoma. 
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IMMEDIATE EFFECT OF TINCTURE OF DIGITALIS 
ON EMPTYING TIME OF HUMAN STOMACH 


EDWARD J. VAN LIERE, M.D., Pux.D. 
AND 
CLARK K. SLEETH, BS. 


MORGANTOWN, W. VA. 


It has been suggested by various authors that digitalis causes an 
increase in gastric and intestinal motility. In the volume by Meyer and 
Gottlieb’ entitled “Experimental Pharmacology,” work (which was 
done in 1906) is reported on to the effect that digitalis glucosides 
influence gastric and intestinal peristalsis. Vail* by means of the 
roentgen ray observed that digitalis increased gastric motility. Cloetta * 
stated that digitalis causes an increased gastric secretion. Since Helle- 
brandt * has shown that gastric secretion and motility run parallel (at 
least during fasting), the observation of Cloetta is significant. A rather 
careful review of the literature, however, has failed to disclose any 
well controlled experiments which conclusively demonstrated that digi- 
talis actually decreased the emptying time of the stomach. It was there- 
fore thought worth while to investigate this problem. Material and 
data ° were at hand which facilitated the execution of this study. 


METHODS 


In seven healthy male medical students the normal emptying time of the stomach 
was determined fluoroscopically. The standard meal was the same as that reported 


on previously. Fifteen grams of farina and 1 Gm. of salt were added to 350 cc. 
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of water and boiled down to a volume of 200 cc. Fifty grams of barium sulfate 
was added so that the position of the meal could be determined with the fluoroscope. 
A number of control observations were made for each subject. The average of 
these figures was used for the norm. 

The effect of tincture of digitalis on the emptying time of the stomach was 
then studied. Five cubic centimeters of fresh tincture of digitalis was thoroughly 
mixed with the standard meal. The emptying time of the stomach was again 
determined fluoroscopically. Careful attention was given, of course, to all details 
essential for well controlled experimental conditions. 


RESULTS 
The accompanying chart and table show the results obtained. In the 
seven subjects digitalis decreased the emptying time of the stomach an 
average of 18.5 per cent. ihe greatest decrease noted in the emptying 
time was 24.6 per cent and the least 12.9 per cent. 
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VAN LIERE-SLEETH—EMPTYING TIME OF STOMACH 


COMMENT 

It is generally known that digitalis is capable of exerting both a 
general and a local action. The increased gastric motility may 
have been produced by either mode of activity; that is, it may have 
been caused by stimulation of the vagus nerve by way of the medulla 
or by local irritative action. It is difficult, unfortunately, to separate 
the two actions; if, for example, atropine is administered to paralyze 
the vagus nerve, gastric motility is greatly reduced. Furthermore, 
atropine could, by its side effects, introduce other undesirable factors. 
There is, however, some more or less indirect evidence on this point. 

Alvarez * demonstrated that if isolated strips of different parts of 
the intestinal tract were immersed in Locke’s solution containing a 
1:200 dilution of tincture of digitalis, the strips excised from the 
duodenum and jejunum showed depression and those excised from the 
ileum and colon showed a moderate amount of stimulation. The depres- 
sion of the strips from the duodenum and jejunum was not due to the 
alcoholic content of the tincture of digitalis, for this factor was con- 
trolled by immersing strips in Locke’s solution which contained a given 
amount of alcohol. While work was not reported on the effect of tinc- 
ture of digitalis on strips excised from the stomach, the fact that 
strips from the duodenum and jejunum showed depression makes it 
permissible to assume that the work reported on by Alvarez may be 
interpreted to show that the local irritative action of digitalis is less 
likely to produce hypermotility of the stomach than is its central action. 

It is probably safe to assume that the central action of digitalis has 
the same effect on the small intestine as on the stomach, since the vagus 
nerve is the motor nerve to both structures. Further, if Alvarez’ 
gradient theory of gastro-intestinal movement is accepted, the hyper- 
motility of the stomach aggravated by digitalis would in turn cause the 
peristalsis of the small intestine to be more active, and this might well 
explain, in part at least, the diarrhea which often accompanies the 
administration of digitalis, particularly if the drug is given in large doses. 

As alcohol is known to influence the emptying time of the stomach, 
it was necessary to control this factor. Several of the subjects were 
given standard meals which contained 5 cc. of 70 per cent alcohol, 
that is, approximately the same amount of alcohol as was contained in 
the previously administered dose of digitalis. It was found that this 
small dose of alcohol had no effect on the emptying time of the stomach. 


The criticism might be raised that a decrease of 18.5 per cent in the 


emptying time of the stomach is not particularly significant. This may 


be partially true if the subject eats a small meal or one which leaves 
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the stomach quickly, such as the standard meal used in performing the 
experiments reported in this paper. If a larger meal is ingested, how- 
ever, or one which contains a good deal of protein or fat, a decrease 
of 18.5 per cent becomes more significant. Such a meal, for example, 
would probably take from five to six hours to leave the stomach; if it 
is permissible to assume that digitalis continues to exert the same 
influence on gastric motility in the case of a large meal as it does with 
the small one, the emptying time would be decreased well over an hour. 

The fact that tincture of digitalis is capable of decreasing the empty- 
ing time of the stomach is of interest, as a review of the literature 
discloses that while a number of substances delay the emptying time, 
not many are known which hasten it. From the data set forth in this 
paper, moreover, it is safe to assume that digitalis may be administered 
orally after a meal without any deleterious effect on gastric motility. 
Since it has been shown conclusively that anoxic states are capable of 
delaying the emptying time,* the results reported in this paper are of 
practical interest, for digitalis is often administered during anoxic 
conditions which have been brought about by disease of the heart or 
lungs. 


SUMMARY AND CONCLUSIONS 


It was found that 5 ce. of tincture of digitalis when mixed with a 
standard test meal (consisting principally of 15 Gm. of farina) decreased 
the normal emptying time of the stomach on an average of 18.5 per 
cent in seven healthy young men. The results all lay in the same direc- 
tion, and there were no exceptions. In no case was the decrease in the 
emptying time less than 12.9 per cent, and the greatest decrease noted 
was 24.6 per cent. 

The conclusions which may be drawn from the work reported here 
are as follows: Tincture of digitalis administered in doses of 5 cc. is 
capable of decreasing the emptying time of the stomach of the average 
person about 18 per cent, as based on experiments performed on seven 
subjects. It may thus be given immediately before or directly after 
a meal without any deleterious effect on gastric motility. Experimental 
evidence is offered which throws light on the causation of the diarrhea 
which often accompanies the administration of digitalis. Finally, since 
digitalis is often given in conditions associated with anoxemia, which has 
been shown to inhibit gastric motility, the fact that it is capable of 
decreasing the emptying time of the stomach is of practical importance. 


8. Van Liere, E. J.; Lough, D. H., and Sleeth, C. K.: Effect of Anoxemia 
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During studies on the excretion of hippuric’ acid and xylose? of 
patients with pernicious anemia the renal function was estimated by 
means of the urea clearance test. The apparent importance of renal 
function to the clinical status of the patients led us to make additional 
studies of the urea clearance of these and other patients with pernicious 
anemia. 

Mosenthal * stated that in cases of severe anemia, whether of the 
primary or of the secondary type, results were obtained with the test 
meal (Mosenthal test) which were similar in every detail to those that 
have been described in cases of advanced contracted kidney. He further 
stated that from the functional changes alone one would be warranted 
in considering the prognosis grave but that the cure of the severe anemia 
might be followed by great functional improvement. Kahn and Barsky * 
found that in three cases of pernicious anemia the renal function was 
normal, as evidenced by the phenolsulfonphthalein test and the blood 
nitrogen partition. The urinary nitrogen partition also was normal 
except that the oxyproteic nitrogen fraction was increased to twice 
normal. Gettler and Lindeman ® stated that the urea nitrogen content 
of the blood was above normal in only 18 per cent of the cases of 


pernicious anemia, being within normal limits (10 to 20 mg.) in the 


remainder, but even in these the tendency toward the higher normal 
limits was noticeable. They stated that this was probably due not to a 

From the Lilly Laboratory for Clinical Research, the Indianapolis City Hos- 
pital, and the Department of Medicine, Indiana University School of Medicine. 

1. Fouts, P. J.; Helmer, O. M., and Zerfas, L. G.: The Secretion of Hippuric 
Acid in Pernicious Anemia, Am. J. M. Sc. 193:647-652 (May) 1937. 

2. Helmer, O. M., and Fouts, P. J.: Gastro-Intestinal Studies: VII. The 
Excretion of Xylose in Pernicious Anemia, J. Clin. Investigation 16:343-349 
(May) 1937. 

3. Mosenthal, H. O.: Renal Function as Measured by the Elimination of 
Fluids, Salt and Nitrogen, and the Specific Gravity of the Urine, Arch. Int. Med 
16:733-774 (Nov.) 1915. 

4. Kahn, M., and Barsky, J.: Studies of the Chemistry of Pernicious Anemia, 
Arch. Int. Med. 23:334-345 (March) 1919. 

5. Gettler, A. O., and Lindeman, E.: Blood Chemistry of Pernicious Anemia, 
Arch. Int. Med. 26:453-458 (Oct.) 1920. 
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permanent renal lesion but to the decreased amount of circulating 
blood. 

The aforementioned reports on renal function in pernicious anemia 
were published previous to the advent of liver therapy. It is our 
purpose in this paper to report one hundred and eighty determinations 
of the urea clearance of eighty-eight patients with pernicious anemia. 
Whenever possible determinations were made before and after insti- 
tution of specific therapy. 

METHOD 

The patients with pernicious anemia who were studied had been followed in this 
department for varying periods up to nine years. Only the patients who main- 
tained normal red blood cell counts for at least eighteen months while taking 3 
vials of liver extract or 12 capsules or less of a liver-stomach concentrate daily 
by mouth were classified as easy to maintain with a normal red blood cell count. 
Those requiring larger amounts of oral therapy or liver extract by injection were 
classified as difficult to maintain. The Van Slyke method was used in determining 
the urea clearance. Examination of urine in most cases revealed no abnormality. 
Many of the women patients, however, showed a trace of albumin and varying 
numbers of pus cells. 


RESULTS 


The urea clearance of fifty patients was determined during a 
relapse. The values varied from 31 to 125 per cent of normal, averaging 
62.5 per cent. However, two patients who were not examined until 
after a partial remission had been induced by liver extract had urea 


clearance values of 23 and 29 per cent of normal, respectively. These 
patients were not included in the group of those showing a relapse. The 
urea nitrogen content of the blood varied from 7.9 to 28.4 mg. per 
hundred cubic centimeters. There were, however, only five patients 


who showed a urea nitrogen value over 23 mg. per hundred cubic 
centimeters, the upper limit of normal. 

Twenty-two of the patients showing relapse were receiving the 
diet recommended in “the Pharmacopoeia of the United States of 
America” for patients used in the standardization of liver extract or 
were receiving the diet used by us® in studies on the intrinsic factor 
of liver extract. These diets are low in protein. It has been shown? 


6. Helmer, O. M.; Fouts, P. J., and Zerfas, L. G.: Increased Potency of 
Liver Extract by Incubation with Human Gastric Juice, Proc. Soc. Exper. Biol. & 
Med. 30:775-778 (March) 1933. 

7. Jolliffe, N., and Smith, H. W.: The Excretion of Urine in Dogs: II. The 
Urea and Creatinine Clearance on Cracker Meal Diet, Am. J. Physiol. 99:101-107 
(Dec.) 1931. Cope, C. L.: Studies of Urea Excretion: VIII. The Effects on the 
Urea Clearance of Changes in Protein and Salt Contents of the Diet, J. Clin. 
Investigation 12:567-572 (May) 1933. Goldring, W.; Razinsky, L.; Greenblatt, 
M., and Cohen, S.: The Influence of Protein Intake on the Urea Clearance in 
Normal Man, ibid. 13:743-748 (Sept.) 1934. Van Slyke, D. D.; Rhoads, C. P.; 
Hiller, A., and Alving, A. S.: The Relationship of the Urea Clearance to the 
Renal Blood Flow, Am. J. Physiol. 110:387-391 (Dec.) 1934. 
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that a diet low in protein decreases the urea clearance of dogs and of 
human beings. Our average values were perhaps decreased by the 
diet low in protein. However, examination of table 1 shows that the 
distribution of patients receiving the low protein diet in the various 
clinical groups tended to minimize rather than accentuate the differences 
in the groups. 


TABLE 1—Average Values for Urea Clearance and Distribution of Values for 
Various Clinical Groups of Patients with Pernicious Anemia During a 
Relapse and During a Remission 








Number of Number of 
Average Patients with Patients with 
Num- Urea Urea Clearance -— —_ — 
Num- ber Clear- — —A~A-— — Less More 
ber of ance, Less More Than Than 
of Exam- Pereent- Than Than 50 Gm. of 0 Gm. of 
Pa- ina- ageof 75% of 75%of Protein Protein 
tients tions Normal Normal Normal in Diet in Diet 
All patients during relapse....... 50 5 62.: 3° 11 29 28 
. Having early involvement o if 
spinal cord 31 33 7. , 1 16 
. Having advanced involve ment 
of spinal cord. vel 1 2 53. 12 
. Under 60 years ay age. 
a Over & years of age 
. Having no know ncompile ation 


t Having complications, such as 
arteriosclerosis and _infee- 


g. Difficult to maintain with nor- 
mal red blood cell count 
. Easy to maintain with normal 
red blood cell count.. 
. All patients with normal red 
blood cell count.. ; 


. Having early mvolvement pe 
spinal cord 


». Having advanced Sevelvenient 
of spinal cord 

>. Under 60 years of age.... 

. Over 60 years of age 

», Having no knowncomplication 

. Having complications, such as 
arteriosclerosis and _  infec- 
Bc pcdaadesubveressheccuces 

r. Difficult to maintain with nor- 
mal red blood cell count 


h. Easy to maintain with normal 
red blood cell count 





As seen in table 1 the patients with the more advanced involvement 
of the central nervous system showed distinctly lower average values 
for urea clearance than did the patients with only slight involvement. 
There was also a tendency for the older patients and the patients having 
degenerative or infectious complications to have lower values for urea 
clearance. The patients for whom it was difficult to maintain a normal 
red blood cell count by oral therapy likewise had a distinctly lower 
average value for urea clearance than did those’ for whom it was easy 
to maintain a normal red blood cell count. 
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Sixty-one patients were examined when the red blood cell count 
was normal. They were seen in the outpatient department at the time 
of the determination of the urea clearance, and consequently their 
exact diets were not known. However, owing to the poor financial 
status of most of the patients the intake of protein probably was not 
high. The average value for urea clearance for this group of patients 
was 79.1 per cent (the values varying between 39 and 156 per cent of 
normal). Table 1 again reveals that the older patients, those with 
more advanced involvement of the spinal cord and those with degenera- 
tive or infectious complications had a distinctly lower average value 
for urea clearance than the younger patients and those who did not have 
these complicating factors. Patients with these complications have 
been shown * to require more liver orally, and there were even greater 


differences in the urea clearance values for the patients for whom it 
was difficult to maintain a normal red cell count with oral therapy 
and for those for whom it was easy to maintain a normal red cell count. 
None of the seventeen patients for whom it was easy to maintain a 
normal red cell count had a value for urea clearance below 50 per 
cent, and only six had values below 75 per cent. This is in contrast 
to the discovery of five patients having urea clearance values below 50 


per cent in the group for whom it was difficult to maintain a normal 
red cell count. In addition, thirteen of the twenty-six patients in this 
group had urea clearance values below 75 per cent of normal. 

In comparing the findings for the patients during a relapse with 
those for patients having normal red blood cell counts, it is evident 
that the average value for urea clearance was higher for the patients 
having normal red blood cell counts. It was not possible to examine 
all patients listed in table 1 both during a relapse and during a remis- 
sion, so the groups are not identical. Table 2 shows the urea clearance 
of the thirty-seven patients for whom determinations were made both 
during a relapse and after treatment. It is evident from table 2 that 
the differences in the values for urea clearance before and after treat- 
ment shown in table 1 were not due to the inclusion of patients not 
studied in both groups. 

Table 3 shows individual clearance values for a group of fifty 
patients determined at different red blood cell levels. In many instances 
the urea clearance value obtained when the patient showed a relapse 
was in no way indicative of the actual renal function of the patient 
after the blood count became normal. In some the increase in urea 
clearance was progressive from the start of therapy, and in others it 


8. Beebe, R. T., and Lewis, G. E.: The Maintenance Dose of Potent Material 
in Pernicious Anemia, Am. J. M. Sc. 181:796-812 (June) 1931. Fouts, P. J., and 
Zerfas, L. G.: Maintenance Dosage of Liver Extract in the Treatment of Per- 
nicious Anemia, Ann. Int. Med. 6:1298-1304 (April) 1933. 
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did not occur until later. The elevation in the urea clearance value 
followed the increase in the protein content of the diet in several 
instances, but in others there was an elevation in spite of the fact that the 
patients continued to receive a diet low in protein. An increase in 
the protein content of the diet was not always followed by a rise 
in the value for urea clearance. In other instances the protein con- 
tent of the diet was not low at the time of the first examination, yet 
there was an elevation in the value for urea clearance after the red 


2.—Average Values for Urea Clearance of Patients with Pernicious 
Anemia Determined Both Before and After Treatment 


TABLE 


No. of No. ot 
Average Patients Patients 
Urea with Urea with Urea 
Clearance, Clearance Clearance 
Percentage Less More 
No. of of than 739% than 75% 
Patients Normal of Normal of Normal 
Total number of patients.. 
a. Relapse nae ; 3 
b. Remission......... . : ; 37 74.9 ) 1s 


). Patients with early involvement of spinal cord 
‘4 Relapse ones 
. Remission ‘ 
Pp ~ with advanced involvement of —— al cord 
. Relapse y 
c Remission 
Ge ~ under 60 years of age 
. Relapse 
. Remission.. oaena 
Patients over 60 years of age 
“Se 33) 4 eee 
b. Remission 
}. Patients with no known complications 
i, GS ¢é.ccmirnckanndedcceteoes 
b. Remission........... 


7. Patients with complications, such as arteriosclerosis and infections 
a. Relapse. eniacaue , 11 
b. Remission 


. Easy to maintain with normal! red blood cell count 
7 Relapse s 
. Remission 


L —— to maintain with normal red blood cell count 


. Remission 





blood cell count reached normal. The first patient had the lowest value 
(35 per cent) for urea clearance, which later increased to normal. 
Patients with a urea clearance value below 50 per cent of normal 

often had a normal value after therapy as those who had a value 
between 50 and 70 per cent of normal during a relapse. In general, 1 
could not be determined from the clinical status of the patient whether 
there would or would not be an increase in urea clearance after the 
rise in the red blood cell count. However, it can be stated that if the urea 
clearance value is low, the patient is more likely to require liver extract 
by injection to maintain a normal red blood cell count than if the urea 
clearance value is normal. There did not seem to be any relation between 
the blood pressure and the urea clearance of the patient during a relapse. 





TasL_e 3.—Urea Clearance Determinations for Fifty Patients with Pernicious 
Anemia at Various Red Blood Cell Levels 








Urea Involve- Blood Protein 
Red Clear- ment of Urea Content 
Blood Hemo- ance, Central Nitrogen, of 
Case Oells, globin, %of Nervous Compli- Mainte- Mg. per Diet, 
No. Age Date Millions % Normal System cations nance* 100 Ce. Gm. 


1 


1 36 22/36 -70 22 : + 


Ss) 
9 


— 


11/ 3/36 
12/18/36 
2/12/37 
7/24/36 
7/29/36 
8/26/36 
11/10/36 
2/12/37 
3/23/37 
4/16/37 
6/ 4/37 
4/20/36 
11/ 9/36 


5/29/36 


= 


m@rn es 


Pa PRS Sas CSo% 
~I 


~n 


O¢ P) o) ¢ oe) 
Demin Di Hioto we 


2 im 


2/ 4/37 
2/26/37 
4/15/87 
5/12/37 
5/27/36 
9/ 1/36 
11/11/36 
4/16/36 
6/11/36 
12/ 3/36 


5.6 
8 


waa we 


noo 


6/19/36 
11/11/36 
3/24/36 


> ims Arie t 


10/15/35 

8/25/36 

9/24/36 

11/ 9/36 

9/21/34 

11/22/34 86 

5/11/37 47 

6/23/37 8.23 85 56 
92 64 
41 47 

8/96/36 66 48 

11/10/36 92 75 

5/98/35 1.87 46 58 

12/16/35 5.24 115 150 


Ole on 


ti sme ten 





* F {indicates easy to maintain with a normal red blood cell count with orally administered 
liver: D, difficult to maintain with a normal red blood cell count, ij. e., injections of liver extract 
required. 





TABLE 3.—Urea Clearance Determinations for Fifty Patients with Pernicious 
Anemia at Various Red Blood Cell Levels—Continued 





Urea Involve- Blood Protein 
Clear- ment of Urea Content 
Blood Hemo- ance, Central Nitrogen, of 
Cells, globin, % of Nervous Compli- Mainte- Mg. per Diet, 
Date Millions % Normal System eations nance 100 Ce. Gm. 


1.91 5é Fj + 4b i D 
3.93 7 ‘ 

1.94 E ‘ - D 
2.81 2 

4.56 5 5 


9/19/35 
11/16/34 
9/10/36 
12/ 4/36 
1/14/36 


36 
86 


12/10/36 


2/ 1/37 
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CONCLUSIONS 
There may be a marked increase in the urea clearance of the patient 
with pernicious anemia after a remission induced by liver extract. 
The rise in the value for urea clearance following the induced remis- 
sion cannot be predicted from a study of the clinical condition of the 
patient. 
The patient having the complicating factors usually associated with 
an increased requirement of orally administered liver extract is likely 
to show a low value for urea clearance even after the red blood cell 


count reaches normal. 


The patient with a low value for urea clearance is more likely to 


require liver extract by injection to maintain a normal red blood cell 
count than is the patient with a normal value for urea clearance 
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There are two distinct main aspects to the consideration of subacute 
bacterial endocarditis: (1) the mode of infection of the cardiac valves 
and (2) the factors involved in the continuance of the growth on the 
valve. The second aspect was the subject of the present investigation. 
We felt that it might prove to be of practical value to discover why 
infection due to a relatively nonvirulent organism persists on the cardiac 
valves. To this end the behavior of Streptococcus viridans was noted in 
various types of serum and whole blood, and the fate of the bacterium 


was investigated when placed in the blood stream, on a cardiac valve 


and in certain other tissues of the normal living dog. 

Horder,' Schottmiller * and Libman and Celler * first observed the 
morphologic characteristics of Str. viridans and noted its relative non- 
virulence. Since their observations innumerable studies have been made 
of the bacteriologic and immunologic aspects of the disease. It appears 


4 


from studies both of patients suffering from the disease * and of animals 


Aided by the A. D. Nast Fund for Cardiac Research. 

*Emanuel Libman Fellow, Mount Sinai Hospital, New York. 

From the Cardiovascular Department and the Department of Bacteriology, 
Michael Reese Hospital. 
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having endocarditis® that the immune properties of the blood are 
increased against the particular strain of streptococcus infecting the 
cardiac valve. 

Harbitz * was probably the first to describe clearly the clinical and 
pathologic picture which develops when the cardiac valves are the seat 
of bacterial infection. He differentiated the acute ulcerative type of 
endocarditis from the subacute proliferative type both clinically and 
pathologically. Indeed, his morphologic observations were so exhaustive 
and accurate that relatively few new facts have been added since. 
Horder * later observed that the organism in patients with the subacute 
infection was almost always a streptococcus of low virulence and in 
many instances was identical with the streptococcus found in the alimen- 
tary canal. Libman and Celler,’ as well as Schottmiiller,? showed 
conclusively on the basis of pathologic, bacteriologic and clinical studies 
that Str. viridans is the etiologic agent in the majority of cases of 
subacute bacterial endocarditis. 

Ribbert* was the first to produce bacterial endocarditis experi- 
mentally; he injected intravenously staphylococci mixed with finely 
ground particles of potato. Rosenbach * also produced endocarditis of an 
acute type by injuring the aortic leaflets and subsequently inoculating 
them with bacteria. Horder* was probably the first to produce the Str. 
viridans type of endocarditis; some of the strains used by him were 
obtained from the alimentary canal of the normal human being. Since 


the publication of his work many others ® have reported the production 
of endocarditis in various animals. Vegetative endocarditis has followed 
these various procedures in a relatively small percentage of experimental 
animals. Kinsella ** claimed to have obtained endocarditis in the majority 
of his animals by damaging the valve first. 


A. FACTORS AFFECTING THE GROWTH OF STR. VIRIDANS IN VITRO 


1. The Behavior of Str. Viridans in Fibrin.—The first step in the 
present study was to follow the growth of Str. viridans in fibrin, the 
medium in which the organism grows in man. 


For this purpose fibrin was collected from sterile specimens of dog blood and 
cut into approximately 3 or 4 mm. cubes. Fifteen of these cubes were inoculated 
with 0.5 cc. of a twenty-four hour broth culture of Str. viridans obtained originally 


5. (a) Wright, H. D.: J. Path. & Bact. 29:5, 1926. (b) Kinsella, R. A., and 
Hayes, C. M.: Proc. Soc. Exper. Biol. & Med. 24:887, 1927. 

6. Harbitz, I.: Deutsche med. Wchnschr. 25:121, 1899. 

7. Ribbert, J.: Deutsche med. Wchnschr. 11:717, 1885. 

8. Rosenbach, O.: Virchows Arch. f. path. Anat. 105:215, 1886. 

9. (a) Rosenow, E. C.: J. Infect. Dis. 7:411, 1910. (b) Detweiler, H. K., 
and Robinson, W. L.: Experimental Endocarditis, J. A. M. A. 67:1653 (Dec. 2) 
1916. (c) Kinsella, R. A.: Proc. Soc. Exper. Biol. & Med. 20:252, 1923. (d) 
Wright.5a 
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from the blood of a patient with subacute bacterial endocarditis. They were then 
incubated for forty-eight hours in normal dextrose broth, and at the end of this 
time each cube of fibrin was placed in 5 cc. of physiologic solution of sodium 
chloride. At the same time, for control purposes, tubes containing 5 cc. of physio- 
logic solution of sodium chloride and tubes containing 5 cc. of normal dextrose broth 
were inoculated with 0.5 cc. of a twenty-four hour broth culture of the same organ- 
ism. In order to determine the period of growth of the organism, one of the cubes 
was removed from the original saline solution every third day and placed in normal 
dextrose broth for subculture, and subcultures of the controls in physiologic solu- 
tion of sodium chloride and in dextrose broth were also made every day on blood 
agar plates. 


The results summarized in table 1 show clearly that fibrin offers 
an ideal medium for the continued viability of Str. viridans, growth 
being obtained on subculture even after forty days. In contrast, the 
culture in dextrose broth became sterile in six days and that in saline 
solution in two days. 

2. The Behavior of Str. Viridans in Pure Serum.—Since Str. viri- 
dans growing in the fibrin of valvular vegetation is exposed to the plasma 


TABLE 1.—Data on Cultures 


Number of Days 
Before Subcultures 
Material Infected with Str. Viridans Were Sterile 


Fibrin mass. ane Over 40 
Physiologie solution of sodium chloride 2 
Dextrose broth bral 6 





of the circulating blood, it is conceivable that in vivo the presence of 
certain immune bodies in the plasma might determine the growth and 
survival of the organism. Accordingly, it was thought essential to 


determine in vitro the effect of serums from various sources on the 
growth of this bacterium. 


For this purpose blood was obtained from four sources: (a) from normal 
adults, (b) from patients with subacute bacterial endocarditis, (c) from normal 
dogs and (d) from dogs specifically immunized against the strain of Str. viridans 
used. The immune dog serum was prepared as follows: Dogs were given injec- 
tions of 1 cc. of twenty-four hour broth culture of Str. viridans intravenously every 
other day for not less than a month, and the presence of immunity was judged by 
the agglutinin and opsonin reactions of the blood. 

In the majority of instances the serum was prepared by defibrination with glass 
beads. In a few instances plasma was used, minimal amounts of citrate having 
been added to prevent clotting. After centrifugation the serum was drawn off 
with a pipet. One loopful of twenty-four hour broth culture of Str. viridans was 
added to each 5 to 10 cc. sample. The average number of bacteria thus inoculated, 
as determined by colony count, was 4,000,000. Growth was determined in all 
instances by subcultures made on blood agar plates at the end of twenty-four and 
forty-eight hours. Three strains of Str. viridans were used, each obtained from 
cultures of blood of different patients with subacute bacterial endocarditis. In two 
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cases the serum was taken from a patient with subacute bacterial endocarditis, and 
the strain of organistn added was the one isolated from that patient. 


The results summarized in table 2 show that in thirty-four of the 
thirty-five serums used the streptococci were able to survive for at 
least forty-eight hours. In fact, it was found that all twenty serums 
which were subcultured longer than forty-eight hours showed growth 
continuing for from three to ten days. No gross difference was observed 
in the growth of the organism in the serums of different origin. In 
fact, the organism grew as well in serums which contained immune bodies 
(the agglutination titer of each of the four dogs was over 640) as in 
those in which there were no immune bodies. 


TABLE 2.—Data on Serums 


Number of Number Number 
Different Showing Growth Showing Growth 
Sources of Serums Samples in 24 Hr. in 48 Hr. 
Normal! man 7 
Patient with subacute bacterial endocarditis. 
Normal dog 
Immunized dog....... 


TABLE 3.—Bac 


Bacteria Added Bacteria per 5 Ce. Bacteria per 5 Ce 

per 5 Ce. in 24 Hr. in 48 Hr. 
Serum Sona nates r 1,200,000 2,400,000 
Serum 2...... acaay eas eee ores 1,200,000 1,800,000 
SS en ee Enea Cote ha 1,200,000 2,100,000 
Serum “aves Raves 1,200,000 2,808,000 
Serum 5 Sied s ae Pe ee 2,020,000 3,460,000 38,000,000 
| Renn Cn ae ee 2,020,000 4,020,000 32,000,000 
MES ors ahs vc retis tiie e been caicnaae ceueoe 2,020,000 8 000,000,000 





Our results indicate that serum is a medium that is suitable for 


survival of the organism. However, actual colony counts showed that 


growth is less luxuriant in serum than in broth (table 3). 

3. The Behavior of Str. Viridans in Suspensions of Serum Con- 
taining White and Serum Containing Red Blood Cells.—Preliminary 
experiments showed that the growth of Str. viridans is irregular in 
whole blood, unlike the growth in serum. It appears therefore that the 
formed elements in the blood might be directly or indirectly responsible 
for the inhibition of bacterial growth. This was tested experimentally 
by observing the fate of cultures of Str. viridans in serum containing 
suspensions of either white or red blood cells. 

For this purpose defibrinated whole blood was obtained from five normal dogs. 


The sample of blood from each dog was centrifugated at high speed for one hour. 
At the end of this time the serum, the leukocytic cream and the portion of red blood 
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cells were separated by pipetting. Then the white blood cells and red blood cells were 
separately resuspended in from 5 to 10 cc. of serum obtained from the same dog 
A loopful of twenty-four hour broth culture of Str. viridans was added to each 
of the five tubes containing a pure suspension of white blood cells and to each of 
the five tubes containing a pure suspension of red blood cells. Ali ten tubes were 
placed in a mechanical shaker for sixty minutes to insure sufficient contact between 
the formed elements of the blood and the bacteria, since otherwise the cells tend 
to settle to the bottom of the test tube and do not remain in contact with the 
bacteria. After sixty minutes of agitation subcultures were made immediately on 
blood agar. The original suspensions were incubated, and subcultures were made 


again after twenty-four and after forty-eight hours 


The results shown in table 4 clearly indicate that a suspension of 
white blood cells is an effective and rapid bactericidal agent. The bac- 
tericidal action was such that four of five cultures suspended in white 
blood cells plus serum became sterile in an hour, whereas all five 
cultures suspended in red blood cells pius serum showed growth for at 


least forty-eight hours. 


TABLE 4.—Data on Growth in 


Number of 
Different Growthin Growthin Growth in 
Suspension Samples 60 Min 24 Hr. 48 Hr. 
Red blood cells plus serum... 5 
White blood cells plus serum........ a 5 1 








4. The Behavior of Str. Viridans in Whole Blood in Vitro.—The 
bactericidal action of white blood cells suspended in serum led us to 
determine whether or not the bactericidal power was retained by the 
white blood cells in their natural environment, the blood. 


This was tested with specimens of whole blood obtained from the four sources 
used in the experiments with pure serum. Approximately 10 cc. of defibrinated 
whole blood was used in each case, and one loopful of twenty-four hour broth culture 
of Str. viridans was added to each. The average number of bacteria contained in this 
loopful was by colony count approximately 4,000,000. All tubes, including those 
containing the control serum, were placed in the mechanical shaker for sixty 
minutes. All the samples were then immediately subcultured on blood agar, incu- 
bated and subcultured again after twenty-four and after forty-eight hours. 

The results obtained with whole blood (table 5) were similar to 
those obtained with pure suspensions of white blood cells in serum 
(table 4), in that agitation for an hour was found to cause the rapid 
destruction of bacteria. No gross difference could be observed between 
the various types of whole blood used, provided only the culture was 
shaken for an hour. The whole blood of the patient suffering from 


subacute bacterial endocarditis destroyed Str. viridans as efficiently as 
the whole blood of the specifically immunized dog. 
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B. FACTORS AFFECTING THE GROWTH OF STR. VIRIDANS IN VIVO 
1. The Behavior of Str. Viridans in the Blood Stream of the Dog. 
While experiments in vitro indicated that whole blood when agitated 
has a marked and rapid bactericidal effect on Str. viridans, it seemed 
important to attempt to quantitate this bactericidal effect in the blood 

stream of the living normal dog. 


For this purpose Str. viridans was injected into four normal dogs, and the 
actual number of bacteria per cubic centimeter of blood was determined every hour 
for three hours and then twenty-four, forty-eight and seventy-two hours after 
the injection. 


Tasie 5.—Data on Growth in Whole Blood in Vitro 


Number of 
Different Growthin Growthin Growth in 
Medium Samples 1 Hr. 24 Hr. 48 Hr. 
Normal whole blood of human adult. sas es 9 2 
Normal serum of human adult.. 9 5 
Whole blood from patients with. sub acute endo- 

SL. eas da eeehhce van avcs wines abéeninuces's.és 4* 1 
Serum from patients with subacute endocarditis... 4* 4 
Immunized dog whole blood.... 3 : 3 None 
Immunized dog serum.. , ae 3 2 


In two of these samples the streptococci that were added were taken from the blood 
stream of the patient whose blood serum was used as the medium. 


TABLE 6.—Bacterial Counts for Experiments Made in Vivo 


Dog 1 Dog 2 Dog 3 Dog 4 


Number of bacteria given per cc. of blood. ; 1,000,000 1,500,000 1,000,000 8,000,000 
Number of bacteria counted per ec. 

PS ge AR Le re ete 53 1,200 24 

Atter S2r..... veapaced » ] 1 2 

After 3hr. : oie ae ie ; 0 0 

After 24 hr. , : 3 0 0 

After 48 hr ; nsbatee ‘ 0 0 

After 72 hr 


The results summarized in table 6 indicate that in three of the 
four dogs the circulating blood was completely sterilized in two hours 
and that in the fourth dog the bacterial content was markedly reduced 
in this period, although two days was required for the blood stream to 
become completely sterile. Unlike the destruction in vitro of Str. viridans 
by shaken whole blood or by serum plus white blood cells, the steriliza- 
tion of the blood stream of the living dog may be due to factors other 
than those present in the circulating blood stream itself, such as the 
bacterial deposit in various tissues and the destruction of bacteria by 
the fixed phagocytic cells of the body. However, since dog blood 
vitro showed a similar rapid bactericidal power, it appears likely that 
the sterilizing factors in the living dog are essentially the same as in the 
test tube experiments. 
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In all these experiments the action of the white blood cells was 
studied in a medium containing blood serum or plasma, as it is diffi- 
cult to conceive of white blood cells in the living animal completely 
isolated from blood plasma. Nevertheless, our results show that destruc- 
tion of these bacteria does not occur to any measurable extent in the 
absence of white blood cells. In essence, our results support the view 
of Metchnikoff concerning the primary importance of the white blood 
cell. A rough computation indicates that on the basis of these animal 


experiments the average man could easily dispose of more than 
1,000,000,000 bacteria of this variety per hour. 

2. The Production of Str. Viridans Infection in the Circulatory 
System of the Normal Dog—I\l. Aorta: The results obtained on the 
bactericidal action of blood in the experiments made in vitro and in vivo 


suggested the possibility that infection with Str. viridans might be pro- 
duced in a dog if the organisms could be shielded physiologically from 
the white blood cells. This, we felt, might be accomplished by inserting 
a capsule containing a blood agar focus of Str. viridans into the blood 
stream and permitting it to float free in the stream, attached by a thread 
to a single part of the wall of the vessel. White blood cells would pene- 
trate the capsule only in small numbers, because of the momentum of 
the rapidly flowing blood current, but fibrin might become attached to 
this foreign body and serve as a medium for the continued prolifera- 
tion of the bacteria. After numerous trials the following technic was 
developed : 


A small hollow bakelite capsule (measuring approximately 7 by 3 mm.), open 
at one end, was used. The wall of the capsule was 0.5 mm. thick and besides the 
opening at the end had about sixteen small perforations (0.5 mm. in diameter) else- 
where which permitted contact between the contents of tae capsule and the circulat- 
ing blood. After the capsule was filled with blood agar culture the open end was 
partially closed with a four-ply suture, which effectively kept the solid agar in 
situ. A perforation in the solid end of the capsule was made for the thread which 
held the capsule in place. Throughout this paper a capsule of this type will be 
called an infected capsule. 

The infected capsule was inserted into the abdominal aorta just below the renal 
arteries. The thread attached to the capsule was fastened into the aortic wall, 
enabling the capsule to float freely in the blood stream but preventing it from being 
carried away from the site of its insertion. At the same time the contact of the 
capsule with the wall of the aorta itself was minimal. In seven normal dogs an 
infected capsule was inserted in this way into the aorta by a transperitoneal 
approach with aseptic precautions and with the use of an anesthetic. The develop 
ments after operation were followed, and blood cultures were made every third 
day. Autopsy was performed in each case, and histologic sections of the covering 
of the capsule (if present) and its environment were studied. 

The results, summarized in table 7, reveal that only two of the 
dogs had capsules covered with fibrin; in the remainder the capsule 
either was lying free in the aorta without a covering of fibrin or was 
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embedded in granulation tissue originating from the aortic wall. When 
granulation tissue enclosed the capsule and white blood cells invaded it, 
no streptococci could be demonstrated (dogs 5 and 7). The continuation 
of bacterial growth occurred only in the absence of invasion by granu- 
lation tissue and white blood cells (dogs 1 and 3), and the most luxu- 
riant growth occurred when the capsule had a heavy covering of fibrin 
(figs. 1 and 2). While organisms could be demonstrated post mortem 
in the capsule in dog 6, the growth was so scanty that the organisms 
shed into the blood stream were too few to give positive blood cultures. 


The findings for dog 7 are interesting. Here apparently up to about the 
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Fig. 1.—The gross appearance of a capsule (C) covered by fibrin after remaining 
within the aortic lumen( (A) of dog 3 for ten days. 





tenth day the growth in the capsule was sufficiently extensive to give 
positive blood cultures, but after this the blood cultures became sterile, 
presumably because of the ingrowth of granulation tissue and white 
blood cells, as demonstrated post mortem. This ingrowth between the 
tenth and the twenty-second day was sufficient to sterilize the capsule, 
as shown post mortem by the absence of organisms (fig. 3). 

II. Cardiac Cavity: The foregoing experiments were repeated, 
except that the infected capsule was inserted directly into the cardiac 
cavity instead of into the aorta. 
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Fig. 2—A microscopic section of the fibrin surrounding the capsule shown in 


figure 1. Observe the myriad of cocci, with the absence of white blood cells. 
Gram-Weigert stain; « 960 











Fig. 3—The gross appearance of a capsule (C) which became attached to the 
aortic wall after remaining in the aortic lumen of dog 7 for twenty-two days. Not 
the absence of fibrin, the granulation tissue (G) growing from the aortic wall and 
the smooth lining of the aorta (4). No erganisms were present in this capsule. 
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A series of thirteen dogs was used. The infected capsules (from one to three) 
were inserted with aseptic precautions directly into the cardiac cavity. For this 
purpose a long, pointed hollow steel trocar, 20 cm. in length and 3.5 mm. in 
diameter, was employed. The infected capsule was placed in the hollow tube, and 
a steel plunger (22 cm. in length and 1.5 mm. in diameter) was used to push the 
capsule half way down the trocar. One end of the 36 cm. of thread attached to the 
capsule was kept outside the trocar. After the trocar had been prepared in this 
way, the dog was anesthetized, and an incision was made in the fourth intercostal 
space 4 cm. lateral to the left sternal margin. The trocar was inserted through 
this opening until the thrust of the heart was felt against it. A quick stab was 
then made, and entrance into the cardiac cavity was indicated by the spurting of 
blood past the capsule and the plunger. When blood appeared the plunger was 
quicky thrust in, forcing the capsule into the cardiac cavity; the plunger was then 
carefully withdrawn and the trocar quickly removed. The end of thread holding 
the capsule in place was then sewed loosely under the skin. Thus, the capsule was 


TABLE 7.—Results Obtained After Inserting an Infected Capsule into the Aorta 





Autopsy Observations 

Dura- Granu Large Diplococci 
tion lation Number of in 

of Positive Fibrin Tissue White Cells Capsule 
Life, Blood Cause of Around Around in Capsule or 
Days Cultures Death Capsule Capsule or Fibrin Fibrin 

5 3d and Sth Rupture of Present Absent Absent Present 

days aorta 


None Peritonitis Absent Absent Absent Absent 


5th and 8th Killed Present Absent Absent Present 
days 


8th, llth and Intestinal (Incomplete autopsy) 
14th days obstruction 


None Killed Absent Present Present Absent 
None Killed Absent Absent Absent Present 


6th and 10th __— Killed Absent Present Present Absent 
days 





free in the cardiac cavity and at least temporarily unattached to the endocardial 
lining, and yet it was prevented by the restraining thread from leaving the cardiac 
chamber. With experience the procedure can be carried out quickly and without 
too much loss of blood. Occasionally, when a coronary artery was injured or when 
more than one opening was made in the ventricular wall, death resulted from acute 
pericardial tamponade. 


The results in the successful experiments are summarized in table 
8. The data in this table show that every animal which survived longer 
than two days gave a positive blood culture after the second day. This 
is contrary to the findings obtained by us when a single massive dose of 
the organism was injected into the blood stream of the dog. None of the 
dogs died of the Str. viridans infection directly but of some complica- 
tion.° Figures 4 to 7 show the gross appearance of the capsules 


10. Several dogs succumbed to septicemia due to a mixed infection, a gram- 
positive rod-shaped anaerobic bacillus being found in the capsule in addition to 
the streptococcus. This bacillus, which we have found to be a common secondary 
invader in the dog, was not present when the infected capsule was inserted. 
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lig. 4—The appearance of a capsule covered by a thrombus after one day in 
the left ventricular cavity of dog 8. The capsule is completely surrounded by 
thrombus and lies under the chordae tendineae of the mitral valve. 








Fig. 5.—The appearance of two capsules covered by fibrin after four days in 


the left ventricular cavity of dog 11. One capsule is seen to be embedded in the 
mural endocardium beneath the chordae tendineae of the mitral valve; the other 
is free in the cavity of the heart. 
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lig. 6—The gross appearance of a capsule covered by fibrin (indicated by 
arrow) after six days in the left ventricular cavity of dog 12. The capsule is 


ompletely surrounded by fibrin. 





Fig. 7—The appearance of two capsules covered by fibrin (indicated by arrows } 


after twenty-eight days in the left ventricular cavity of dog 16. Observe the 
thickening of the chordae tendineae and the presence of mural involvement. The 


capsules are free in the cavity of the heart. 





108 ARCHIVES OF INTERNAL MEDICINI 


covered with fibrin and thrombus in the hearts of four animals, dogs 
8, 11, 12 and 16, respectively. These are typical of the rest, except 
that in dog 9 the capsule remained free in the cavity for one day without 
deposition of fibrin. 

Figures 4 to 7 show that the amount of the deposit of fibrin was not 
always related to the duration of time. The fibrin covering the capsule 
after four days was almost as extensive as that covering the capsule 
after twenty-eight days (compare figs. 5 and 7). This is further borne 


out by the one day old capsule (fig. 4+) which had evoked a thrombus with 


a greater deposit of fibrin than that caused by many of the other 
capsules, despite its short residence in the heart. The size of the deposit 
of fibrin appearing on the mural endocardium, however, seemed to 
depend on the length of time the capsule was in place. Histologically, 











Fig. 8—The microscopic appearance of fibrin covering a capsule which had 
been in the left ventricular cavity of dog 16 for twenty-eight days. A colony of 
diplococci can be seen. Notice the scarcity of polymorphonuclear leukocytes. 
Gram-Weigert stain: « 1,300. 


the fibrin covering the free-floating capsule showed occasional white 
blood cells, an occasional accumulation of red blood cells and, diffusely 
spread through the fibrin, gram-positive diplococci. Figure 8 shows 
the typical microscopic appearance of the fibrin covering a capsule within 
the cardiac cavity (dog 16). 

The experience with infected capsules in the cardiac cavity is in 
accord with that with infected capsules in the aorta. Fibrin formation, 
however, was greater in the heart than in the aorta, probably because in 
the heart more eddies are present and the flow is intermittent. This 
apparently also accounts for the greater certainty of development of 
infection in the latter site. 
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3. Comparison of the Reaction of the Cardiac Valves to Str. Viridans 
with That of Other Tissues.—Three of the dogs in the preceding series 
showed infected vegetations produced by contact with an infected cap- 


sule, one on the tricuspid (dog 13), one on the mitral (dog 17) and 


one on the aortic valve (dog 19). Furthermore, in the course of some 











Fig. 9—The micrcscopic appearance of a valvular vegetation produced by 


repeated intravenous inoculation of Str. viridans into dog 21. Note the relative 
paucity of polymorphonuclear cells in the fibrocytic proliferating tissue of the valve 
underlying the vegetation and the large densely stained masses composed of bacteria 


in the vegetation and valvular fringe. Hematoxylin and ecsin stain; 560. 


experiments in which an attempt was made to infect sterile capsules 


inserted in the blood stream by repeating massive intravenous injections 
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of Str. viridans (two or three injections of 500,000,000 bacteria per 
week for a month), two of the three animals showed an_ infected 
vegetation on one of the cusps of the aortic valve (dogs 21 and 22)." 

All these vegetations, regardless of origin, on histologic examina- 
tion were shown to consist of fibrin, colonies of diplococci and scattered 
white and red blood cells. The substance of the valve itself directly 
beneath the vegetation showed a -proliferative reaction, but the striking 
feature was the desultory and indifferent polymorphonuclear response. 
The polymorphonuclear leukocytes scattered in the vegetation bore no 


apparent relation to the bacterial colonies and appeared to have been 
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Fig. 10.—The microscopic appearance of a vegetation produced by intravenous 
inoculation of Str. viridans into dog 22. Note the absence of polymorphonuclear 
leukocytes in the fibrin meshes and the presence of bacterial chains and clumps. 
Gram-Weigert stain; x 960. 


caught as the fibrin was deposited. The typical illustrations shown in 
figures 9 and 10 indicate clearly the paucity of polymorphonuclear leuko- 
cytes both in the valvular base and in the fibrin vegetations. The 
results indicate that the valves of the heart do not respond to Str. 
viridans infection with an inflammation characterized by an accumula- 
tion of polymorphonuclear leukocytes but show predominantly a pro- 
liferative endothelial leukocytic reaction. 


11. This procedure, however, failed to infect the sterile capsules. 
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In the course of these experiments data were obtained on the reac- 
tion of other tissues to an infected focus. In two animals into which 
more than one infected capsule was introduced, contact was made not 
only with a cusp of a valve but at the same time with other structures. 
Thus, in dog 13, in which an infected capsule became adherent to the 











Fig. 11—The microscopic appearance of the valvular substance (C) underlying 
an infected vegetation (4) produced by infected capsular contact in dog 19. Note 
the dense masses of bacteria (B) and the relative absence of polymorphonuclear 
leukocytes, both in the vegetation itself and in the valvular substance immediately 
adjacent to the vegetation. Hematoxylin and eosin stain; x 660. 


tricuspid valve, causing the development of vegetation, a second infected 


capsule became attached to the pericardium. In dog 19, in which an 
infected capsule that was lodged in the sinus of Valsalva became adherent 
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to the corresponding aortic cusp and caused the growth of vegetation, 
a second infected capsule became attached to the pericardium, and a 
third infected capsule, to the inner wall of the left ventricle (in contact 
with the myocardium and the endocardium). There was a striking 
contrast between the fate of the capsule attached to the valve and that 
of the capsule in the other localities. 

In dog 13 the polymorphonuclear reaction in the valvular base of the 
vegetation was negligible, although there was some endothelial leukocytic 
proliferation. The vegetations themselves contained few polymor- 
phonuclear cells, and those that were present were not in the neigh- 
borhood of the bacterial colonies. In contrast with this valvular reaction, 
the infected capsule in the pericardium of this dog caused an intense 














Fig. 12.—The microscopic appearance of a section of the myocardium of dog 19 
immediately underlying a second infected capsule. Note the marked accumulation 
of polymorphonuclear leukocytes in this area and the many fibroblasts. Hema- 
toxylin and eosin stain; x 660. 


polymorphonuclear reaction, with fibroblastic proliferation and_ the 
formation of new blood vessels, and it was obvious that the lesion was 
being walled off and healed. 

In dog 19, while the valvular lesion showed the typical reaction, as 
just described (fig. 11), both the capsule in the myocardium and that in 


the pericardium evoked a tremendous accumulation of polymorphonu- 


clear leukocytes and fibroblasts and the formation of new blood vessels. 
It was obvious that healing was taking place in these capsules (figs. 12 
and 13). 

This type of reaction was not evoked by sterile capsules. For 
example, in dog 24 a sterile capsule which was placed in contact with the 
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inner wall of the left ventricle elicited mainly a fibroblastic reaction 
(fig. 14). 

The occurrence of a reaction in the myocardium in the presence of 
an infected capsule suggested that complete healing probably would have 
taken place in this region. This impression was confirmed by further 
experiments. An infected capsule was inserted into each of five dogs 
(dogs 25 to 29) so as to be completely surrounded by myocardial tis- 
sue. Blood cultures were made every third day, and the animals were 
killed sometime between the ninth and the eighteenth day after insertion 
of the capsule. None of these dogs gave a positive blood culture, 


ie 


\® ig 





Fig. 13—The microscopic appearance of a section of the pericardium of deg 19 
surrounding a third infected capsule. Note the tremendous accumulation of poly- 
morphonuclear leukocytes and fibroblasts and the concomitant formation cf new 


blood vessels. Hematoxylin and eosin stain; x 500. 


and none showed the slightest ill effect. At autopsy each capsule was 
covered by a firm sheath of tissue, which separated it from the healthy- 
appearing muscle tissue. There was no indication of spread of the 
infection in any of these animals. The histologic examination of the 
youngest capsular insertion (nine days old) revealed many polymorpho- 
nuclear leukocytes within it and a fibroblastic wall forming around it to 
wall it off (fig. 15). Examination of the oldest capsular insertion 
(eighteen days) revealed considerably fewer polymorphonuclear cells 
but a more extensive and denser-appearing fibroblastic encapsulation, 














Fig. 14.—The microscopic appearance of a section of the myocardium of dog 
24, which had a sterile capsule in the same~position as in dog 19 (fig. 12). 
Hematoxylin and eosin stain; x 660. 














Fig. 15—The microscopic appearance of the myocardial response to an infected 
capsule after nine days within the myocardium of dog 25. Note the accumulation 
of polymorphonuclear leukocytes, the formation of new blood vessels and_ the 
ingrowth of fibroblasts. Hematoxylin and eosin stain; x 660. 





FRIEDMAN ET AL—EXPERIMENTAL ENDOCARDITIS 115 


with no organisms observed within the area enclosed. The other animals 
showed pictures intermediate between these two. It is clear that the 
infected capsule introduced into the cardiac muscle was walled off and 
rendered sterile. 

Similar sterilization and leukocytic infiltration occurred within 
twenty-four hours after the injection of Str. viridans subcutaneously 
into another dog; this was demonstrated by biopsy. The reaction of 
the pleura to an infected capsule in one animal examined post mortem 
was similar to that observed in the pericardium. Sterile capsules inserted 
into the pleura were observed post mortem to have caused only a fibro- 
blastic reaction, such as that noted when a sterile capsule had been 
placed within the myocardium. 

COMMENT ON RESULTS 

Our results show that: 1. Str. viridans can grow in blood that is 
free from white blood cells. 2. This growth is particularly persistent on 
fibrin. 3. When white blood cells in serum are brought in contact with 
the organisms and kept there by continued agitation the culture is 
sterilized. 

A rough calculation, on the assumption that human blood acts quan- 
titatively in vivo as it does in vitro, indicates that in the patient with 
Str. viridans infection the blood stream can be cleared of organisms 
at the rate of 1,000,000,000 per hour. In this connection it is interest- 
ing to note that positive blood cultures were obtained constantly by 
Hamman and Rienhoff'* for a patient with subacute infection with 


Str. viridans located on a femoral arteriovenous aneurysm, each culture 


giving from twenty to fifty colonies per cubic centimeter of blood. 


However, the blood culture made two hours after the infected focus 
was removed was sterile, and cultures on six successive days also were 
sterile. The time of disappearance in this case is of the order found in 
our experiments on dogs to which huge doses of Str. viridans were 
given. 

Our results show that the organism will grow in vitro in serum 
obtained from normal adults, from patients with subacute bacterial 
endocarditis, from normal dogs and from dogs immunized to the strain 
of Str. viridans. No detectable gross difference could be demonstrated 
in the growth in the various serums. The immune properties of the 
blood serum therefore play a much less important role in the destruction 
of this bacterium than is commonly accepted. This is supported by the 
fact that no gross difference could be demonstrated in vitro in the 
sterilizing action of agitated whole blood from the same four sources. 


12. Hamman, L., and Rienhoff, W. J., Jr.: Bull. Johns Hopkins Hosp. 57: 
219, 1935. 
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Our results show that a focus infected with Str. viridans will grow 
in vivo in the blood stream of the normal dog, provided it is protected 
from the action of white blood cells. Under these circumstances bac- 
teremia is started which will last for several weeks or more. With the 
deposition of fibrin around the focus an active subacute infection 
with Str. viridans can be established in a previously normal dog. The 
opportunity for the deposit of fibrin was found to be greater in a focus 
in the cardiac cavity than in one in the aortic blood stream. Other 
factors besides the time of residence determine the amount of fibrin 
deposited on the infected focus in the cardiac cavity. In time the foci 
in the cardiac cavity showed extension of the infection on to the chordae 
tendineae, mural endocardium and valves, apparently by contact. With 
the establishment of the focus in the cardiac cavity, some of the animals 
died of emboli or as the result of an overwhelming mixed septicemia. 

In several animals vegetations were produced on the cardiac valves 
both by contact with the infected focus and by repeated massive intra- 
venous injections of the organism. Infected foci were also placed in the 
myocardium, pericardium, pleura and aortic wall and subcutaneously, 
some times in the same animal having an mfected focus in the cardiac 
cavity or in a valve. In every instance the infection on the valve per- 
sisted, and in every instance the infection was sterilized in the other 
localities. The clue to the difference was observed on histologic examina- 
tion to depend on a difference in tissue response to the infection on the 
valve and elsewhere in the body. 

On the valve there was a dearth of leukocytes, and the reaction was 
proliferative, with few lymphocytes and only an occasional polymor- 
phonuclear leukocyte. Consequently, the organisms were plentiful in 
the fibrin mesh. Even the portion of valve underlying the vegetation 
exhibited few polymorphonuclear leukocytes. In the vegetation the few 
leukocytes present were not close to the bacterial colonies but seemed 
to have been trapped as the fibrin mesh was laid down. The appearance 
of the valvular vegetation was like that of the fibrin-enclosed capsule 
within the blood stream. The fibrin in both localities acted to isolate 
the bacteria from the white blood cells of the blood stream, permitting 
them to grow and produce bacteremia. 

In human beings the state of affairs reported both for the early 
lesion and for the fully developed vegetation is in accord with that 
noted by us in animals. Thus, Jaffé’® in his excellent description of 
the pathologic picture of early subacute endocarditis, emphasized that 
the early changes in the human valve infected with Str. viridans are 
proliferative, the cells being proliferative, and that at first few, if any, 
polymorphonuclear leukocytes are seen. Siegmund "also has called atten- 


13. Jaffé, R. H.: Virchows Arch. f. path. Anat. 287:379, 1932. 
14. Siegmund, H.: Virchows Arch. f. path. Anat. 290:3, 1933. 
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tion to this proliferation of subendothelial cells following injury of 
the valve. Harbitz*® and Wright,*” in describing the fully developed 
vegetation caused by this organism, called attention to the fibrin mass, 
containing bacteria in abundance in the periphery, with only a few 
white blood cells in the same region. 

In other sites than the valves or blood stream the reaction was 
observed to be different. The infected focus caused a marked tissue 
response, consisting of the formation of granulation tissue containing 
fibroblasts and newly formed blood vessels, which tended to wall off 
the focus, and, in addition, an abundant invasion of polymorphonuclear 
luekocytes.’° The result was destruction of the bacteria, sterilization 
of the focus and eventual healing and scar formation. Foci in these 
localities did not give positive blood cultures or signs of infection. This 
response to an infected capsule occurred in animals even when a second 
focus in the cardiac cavity or on the valve grew and established bac- 
teremia and infection. Sterile capsules caused mainly a_ fibroblastic 
reaction. 

It appears from these results that the response of the tissue in 
which the bacterium is deposited determines whether it will grow or 
be destroyed. On the basis of our work, the balance seems to depend 
on whether or not polymorphonuclear leukocytes invade the focus in 
large numbers. The deposition of fibrin acts as a barrier to white blood 
cells and as an excellent medium for bacterial growth. There is there- 
fore no need to invoke the hypothesis that the infection persists because 
the organism acquires a resistance to the destructive elements in the 
blood or because the white blood cells lose their power to destroy the 


bacterium. The growth of Str. viridans is seemingly dependent on simple 


biologic and physiologic processes. 


SUM MARY 

Experiments in vitro established the fact that the strains of Str. 
viridans used in these experiments can grow in the serum (a) of normal 
adults, (b) of patients with subacute bacterial endocarditis, (c) of 
normal dogs and (d) of dogs specifically immunized against the par- 
ticular strains used. 

Experiments in vitro established the fact that Str. viridans can grow 
(a) in a serum suspension of red blood cells and (/) luxuriantly on 
fibrin. 

Experiments in vitro established the fact that Str. viridans will not 
grow (a) in a serum suspension of white blood cells or () in practically 

15. The presence of collections of polymorphonuclear leukocytes in the myo- 
cardium of patients with subacute bacterial endocarditis fcellowing coronary emboli 
has been reported by O. Saphir (Am. J. Path. 11:143, 1935). 
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any sample of whole blood, regardless of source, provided constant 
protracted agitation is carried out. (The sources of the samples of whole 
blood used were the same as those enumerated in the first paragraph 
of this summary. ) 

It is concluded from our data that white blood cells plus serum 
are the effective agents in destroying Str. viridans in the blood stream. 
Animal experiments show that this is accomplished often within two 
hours, and calculations indicate that on this basis human blood can 
destroy approximately 1,000,000,000 Str. viridans per hour. Variation 
in the immunologic properties of the serum appear to play little part in 
this destruction. 

A simple, rapid, consistent method of producing a focus of Str. 
viridans in the cardiac cavity experimentally is described. The pro- 
duction of infected vegetations on the leaflets of the cardiac valves is 
reported, and the fate of foci of Str. viridans implanted in the aortic 
wall, myocardium, pericardium, pleura and subcutaneous tissue is 
described. 

It is shown that the reaction of the valvular leaflet to Str. viridans 
is different from that of other tissues of the body. The early response 
of the valve is proliferative, with little or no blood vessel or leukocytic 
invasion; fibrin is deposited on the vegetation, and bacterial growth 
flourishes in it. Elsewhere, except in some foci in the blood stream, 
typical granulation tissue surrounds the infected focus and walls it off. 
This is preceded by leukocytic invasion of the focus, which sterilizes 
it. Healing takes place, and eventually a scar is formed. When multiple 
foci of bacteria are introduced into one dog, the sterilizing and healing 
reaction occurs at all sites except on the valve. At the same time that 
sterilization and healing occur in the other sites, the focus on the valve 
enlarges by deposition of fibrin and infects the animal. 

It is concluded that the sluggish inflammatory reaction of the valve 
is responsible for the early development of the infection. 

It is concluded that the infection persists in the valve and in the 
capsule in the blood stream not only because the deposit of fibrin 
exceeds the invasion of white blood cells but because the fibrin offers 
an excellent medium for growth. No evidence was observed in these 
experiments that the bacterium acquires resistance to the action of 
white blood cells or that the latter lose their power to destroy the 
organism. Ultimately the fate of the infected focus seems to be deter- 
mined by the balance of fibrin deposited and of granulation tissue 


ingrowth. The growth of Str. viridans, therefore, is seemingly dependent 


on these simple biologic and physiologic processes. 


Dr. Otto Saphir, of the Department of Pathology, checked our histologic 
interpretations. 
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The administration of cinchophen is an effective method for pro- 
ducing chronic peptic ulcer in dogs. It may be said that the method is 
uniformly successful, depending on three conditions; they are: (1) 
sufficient cinchophen administered over (2) a sufficient period to dogs 
which (3) take food every day. Surgical alteration of the gastro- 
intestinal tract is not necessary for the production of this type of ulcer. 
The chronic ulcer is usually single and appears in the same region of 
the stomach in which it is noted in man, namely, on the posterior wall 
near the lesser curvature and between the incisura and the pylorus. 
Infrequently an ulcer is seen on the anterior wall, and none has been 
noted on the greater curvature. Duodenal ulcer occurs rarely and has 
been noted only in association with a larger gastric ulcer. The ulcer 
begins to heal with the discontinuation of administration of cinchophen 
and usually is completely healed within three or four weeks. 

It is interesting to note that this type of experimental ulcer is pre- 
ceded by acute gastritis, with multiple erosions. In most of our experi- 
ments gastritis has been a more prominent feature than it appears to 
be in association with the spontaneous ulcer occurring in man. ‘This 
difference may be explained by the greater intensity of the processes 
employed experimentally, and it should be noted that experimental gas- 
tritis may be greatly reduced by lessening the amount of cinchophen 
administered. A chronic gastric ulcer may then occur in the presence 


of extremely mild gastritis which has been present for a longer time. 


The more complete evaluation of the factors concerned in the formation 
and healing of experimental ulcer should enable one to correlate more 
adequately than before the known facts concerning both experimental 
and clinical ulcer. It is obvious that the many additional factors which 


From the Division of Experimental Medicine, the Mayo Foundation 

Read before the Section on Gastro-Enterology and Proctology at the Eighty- 
Eighth Annual Session of the American Medical Association, Atlantic City, N. J., 
June 9, 1937. 
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are present in the development and healing of ulcer in man preclude the 
direct application in their entirety of the results of experimental studies 
of ulcer to the condition as it occurs in man. However, errors made in 
the correlation of experimental and clinical observations arise from lack 
of detailed information concerning the factors involved rather than from 
any essential difference in the pathologic process. 

Although cinchophen (atophan) was first prepared in 1887, gastric 
ulcer was not noted after its repeated administration until 1931, by 
Churchill and Van Wagoner.’ They noted gastric ulcers in an exami- 
nation of five of six dogs which had received cinchophen. In a more 
extensive study Van Wagoner and Churchill? (1932) produced acute 
and chronic peptic ulcers in dogs by the daily oral administration of 
cinchophen in amounts up to twenty-seven times the therapeutic dose 
for man. Single ulcers were seen, but multiple ulcers were frequently 
observed. The ulcers were in the gastric pathway near, or on, the lesser 
curvature. Duodenal ulceration occurred only in association with gastric 
ulceration. Churchill and Manshardt * (1933) produced gastric ulcer in 
dogs by daily injection of cinchophen into an isolated loop of jejunum. 
They demonstrated that the ulcer was not-caused by local toxic action 
of the drug directly on the gastric mucosa. Shoji* (1933) gave cincho- 
phen internally and parenterally to rabbits and dogs. He noted only 
gastritis in the rabbits, but both gastritis and ulcer occurred in the dogs. 
3arbour and Fisk * (1933) and Bollman and Mann ® (1935) also noted 


gastric ulcer occurring in dogs after administration of cinchophen. 
Hanke * (1934) produced gastritis and ulceration of the stomach in cats 


1. Churchill, T. P., and Van Wagoner, F. H.: Cinchophen Poisoning, Proc. 
Soc. Exper. Biol. & Med. 28:581-582 (March) 1931. 

2. Van Wagoner, F. H., and Churchill, T. P.: Production of Gastric and 
Duodenal Ulcers in Experimental Cinchophen Poisoning: Preliminary Report, 
J. A. M. A. 99:1859-1860 (Nov. 26) 1932; Production of Gastric and Duodenal 
Ulcers in Experimental Cinchophen Poisoning of Dogs, Arch. Path. 14:860-869 
(Dec.) 1932. 

3. Churchill, T. P., and Manshardt, D. O.: Experimental Production of 
Gastric and Duodenal Ulcers in Dogs in Cinchophen Poisoning, Proc. Soc. Exper. 
Biol. & Med. 30:825-827 (April) 1933. 

4. Shoji, Arata: Ueber den Einfluss von Atophan auf die inneren Organe 
von Kaninchen und Hund, mit besonderer Beriicksichtigung der Magenschleimhaut, 
Tr. Soc. path. jap. 23:520-522, 1933. 

5. Barbour,, H. G., and Fisk, M. E.: Liver Damage in Dogs and Rats 
After Repeated Oral Administration of Cinchophen, Ethyl Ester of Paramethyl- 
Phenylcinchoninic Acid (Tolysin) and Sodium Salicylate, J. Pharmacol. & 
Exper. Therap. 48:341-357 (July) 1933. 

6. Bollman, J. L., and Mann, F. C.: Experimental Production of Gastric 
Ulcers, Proc. Staff Meet., Mayo Clin. 10:580-582 (Sept. 11) 1935. 

7. Hanke, Hans: Ueber experimentelle akute Atophanylgastritis als Erschein- 
ungsform einer vorwiegend toxisch bedingten Gastritis, Beitr. z. path. Anat. u. z. 
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after subcutaneous injection of cinchophen. Schwartz and Simonds § 
(1935) also observed ulcer in cats, but no ulcer was observed in rabbits 
or guinea pigs. 

Dodds and his co-workers * (1934 and 1935) demonstrated some 
interesting results following parenteral and oral administration of an 
extract of the posterior lobe of the pituitary gland. After a single large 
dose of the extract, severe gastritis, with an ulcerative process involving 
the entire acid-bearing portion of the stomach, was consistently produced 
in cats. Repeated smaller doses produced a chronic gastric ulcer. The 
authors suggested that this ulcer might be attributable to a gastrotoxic 
factor in the extract which is specific for the acid-secreting portion of 
the stomach. 

Reid and Ivy *® (1936) administered gastric mucin, 30 Gm. twice 


daily, to dogs which also received cinchophen. In all the dogs which 


received only cinchophen, gastroduodenal ulcer developed in from seven 
to fifty-nine days. Ulcer was produced in but 18 per cent of the animals 
which received mucin and which were maintained sixty or eighty days, 
receiving the same amount of cinchophen as the control animals. In 
addition, the animals which received mucin appeared to be more resistant 
to the acute toxic effects of the drug. 


METHODS OF INVESTIGATION 


Normal dogs which received routine kennel care and a maintenance diet com- 
posed of ground meat, cracker meal and evaporated milk were used in these experi- 
ments. A capsule containing cinchophen, usually from 100 to 200 mg. for each 
kilogram of body weight, was given orally to each animal once daily, usually in the 
morning, at the same time that food was given. In later experiments it appeared 
that chronic gastric ulcer was somewhat more uniformly produced if cinchophen 
was given for four consecutive days, followed by a period of rest of three days, 
with continuation of the diet. Both the diet and the administration of cinchophen 
were varied, as was indicated in the various types of experiments. All surgical 
procedures were performed while the animals were under surgical narcosis induced 
by ether, and an aseptic technic was carefully employed. At the termination of the 
experiment the animals were killed with ether. These and the dogs that died were 
examined completely, and gross and microscopic examination was made of the 


demonstrable lesions. 


8. Schwartz, S. O., and Simonds, J. P.: Peptic Ulcers Produced by Feeding 
Cinchophen to Mammals Other Than the Dog, Proc. Soc. Exper. Biol. & Med. 
$2: 1133-1134 (April) 1935. 

9. Dodds, E. C.; Noble, R. L., and Smith, E. R.: A Gastric Lesion Produced 
by an Extract of the Pituitary Gland, Lancet 2:918-919 (Oct. 27) 1934. Dodds, 
E. C.; Hills, G. M.; Noble, R. L., and Williams, P. C.: The Posterior Lobe 
of the Pituitary Gland: Its Relationship to the Stomach and to the Blood 
Picture, ibid. 1:1099-1100 (May 11) 1935. 

10. Reid, P. E., and Ivy, A. C.: Gastric Mucin a Prophylactic Against Gastro- 
Duodenal Ulcers and “Acute” Toxicity Resulting from Cinchophen, Proc. Soc. 
Exper. Biol. & Med. 34:142-144 (March) 1936. 
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Comment.—The only lesions other than those of the stomach and 
duodenum that were noted were observed during the first ten days of 
administration of cinchophen.’' During this time a toxic condition 
usually developed, but it subsided after the first few days. The liver 
and kidneys of some animals killed during the initial stage of toxicity 
were slightly yellow. A variable degree of vacuolation of the hepatic 
cells and of the tubular epithelium of the kidneys was observed. Occa- 
sionally cloudy swelling was seen in the liver, and the degree of these 
changes appeared to be related to the degree of toxemia which had been 
produced by the dose of cinchophen. No gross or microscopic changes 
were noted in the other organs. At no time was jaundice observed, nor 
did the structural framework of the liver appear altered. The organs 
of the animals killed after the administration of cinchophen for from 
thirty to six hundred and thirty days appeared normal both grossly and 
microscopically except for the gastroduodenal lesions. 


THE CINCHOPHEN ULCER 

We found that feeding cinchophen will produce chronic peptic ulcer 

in nearly all dogs. The ulcer was usually single and was situated on the 
lesser curvature or on the posterior wall in the pyloric region (90 per 
cent). In about 35 per cent there were associated acute or subacute 
ulcers, which were frequently contact ulcers, situated just opposite and 
beyond the ulcer of the posterior wall. Associated duodenal ulcers of 


this type were observed in about 10 per cent of cases. Perforation of 
about 40 per cent of the chronic ulcers had occurred, but the result 
of perforation was death in only about half the group in which perfora- 
tion occurred. In the group in which the result was not death perfora- 
tion into the pancreas, liver, spleen or adjacent bowel had occurred. 
In about 30 per cent there was evidence of gross hemorrhage from the 
base of the ulcer ; in a few cases this appeared to be the immediate cause 


of death. 

During the course of administration of cinchophen certain signs 
and symptoms appeared to be characteristic. During the first few days 
the dogs appeared somewhat toxic, especially from one to six hours 
after administration of the drug. At these times they appeared stuporous 
but could be roused with little difficulty. If the animals refused food 
and administration of cinchophen was continued, the intoxication became 
more marked, but the incidence of formation of ulcer was definitely 
decreased. After a few days the animal again appeared normal for a 
short period. Usually during the second week emesis, as a rule of mild 
degree, occurred, and at about the same time tarry diarrhea of variable 


11. Stalker, L. K.; Bollman, J. L., and Mann, F. C.: Effect of Cinchophen 
on the Liver and Other Tissues of the Dog, Proc. Soc. Exper. Biol. & Med 
35:158-160 (Oct.) 1936. 
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hut increasing severity was noted. An ulcer was not noted before tarry 
stools had been observed, and it was almost always noted after this 
symptom had appeared. Some degree of anorexia and anemia usually 
was noted at this time, and often some loss of weight and decline in 
liveliness of the animal were noted. Death from perforation of the 
ulcer, or from hemorrhage, occurs more frequently during this stage 
of the procedure than during other stages, but in the absence of these 


complications the animals could be maintained for several months with- 
out much change in the appearance of the chronic ulcer. With the dis- 
continuation of administration of cinchophen the animals rapidly 


returned to a normal-appearing condition. 

Study of the stomachs removed from animals after varying periods 
of administration of cinchophen indicated the progression which occurs 
in the formation of this type of ulcer.1* Within the first few days the 
entire stomach appears somewhat edematous and hemorrhagic, and the 
mucosa is more or less covered with small linear hemorrhagic erosions ; 
usually along the lesser curvature appear several superficial, clean- 
appearing, punched-out mucosal ulcerations which may be more than 
1 cm. in diameter. They rarely extend deeper than the muscularis 
mucosae. About one week later the hemorrhagic character of the gastric 
lesions is less marked, but there are numerous clean, superficial ulcera- 
tions of the fundic mucosa. In about another week the acute gastritis 
seems to have almost completely disappeared, and the number of acute 
ulcerations has greatly diminished. At this time a single, or at times 
a multiple, ulceration of the pyloric region appears marked. The lesions 
have a punched-out appearance and a necrotic base, although at this 
time the surrounding induration is not marked. Later the acutely ulcer- 
ated areas almost completely disappear, and the typical-appearing chronic 
ulcer remains on the posterior wall near the lesser curvature in the 
pylorus. Often the ulcer may be seen from the serosal surface as a group 
of fine, white radiating lines of fibrosis passing outward from the reddish 
center of the base of the ulcer. 

Peptic ulcer caused by cinchophen heals in the same way as the 
experimental peptic ulcer described by Mann ** (1925) and the ulcer in 
man described by Caylor * (1926). Within three days after discon- 
tinuation of administration of cinchophen the layer of necrotic tissue 


12. Stalker, L. K.; Bollman, J. L., and Mann, F. C.: Experimental Peptic 
Ulcer Produced by Cinchophen: Methods of Production, the Effect of a 
Mechanical Irritant and the Life History of the Ulcer, Arch. Surg. 35:290-308 
(Aug.) 1937. 

13. Mann, F. C.: Production and Healing of Peptic Ulcer: An Experimental 
Study, Minnesota Med. 8:638-640 (Oct.) 1925. 

14. Caylor, H. D.: Healing of Gastric Ulcer in Man, Ann. Surg. 83:350- 
356 (March) 1926. 
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over the base of the ulcer disappears. Within the next week the base 
of the ulcer is considerably elevated by the ingrowth of vascular gran- 
ulation tissue, and a thin layer of pearly gray epithelium can be seen 
growing in from the sides of the ulcerated area. A few days later the 
granulation tissues are covered with a thin layer of epithelium, some- 
what like normal gastric mucosa, which rapidly forms villi. The 
damaged muscular layers are at the same time replaced by fibrosis, and 
within four or five weeks complete healing has occurred. In place of 
the ulcer there is present a scar-filled excavation covered by a slightly 
atypical epithelium. 

Peptic ulcer similar to that already described was produced by 
methods of administration of cinchophen in which the drug was not in 
direct contact with the gastric mucosa. Cinchophen administered in oil 
through a catheter inserted through a fistula into the jejunum or ileum 
produced gastric ulcer in dogs. Rectal administration produced similar 
results. Gastric ulcer was also produced after intravenous injections 
of a sodium salt of cinchophen and also by subcutaneous injections oi 
cinchophen suspended in oil. In another group of dogs a Heidenhain 
pouch was made from an isolated portion of the fundus of the stomach. 
After the oral administration of cinchophen, acute and subacute per- 
forating ulcers were present in the isolated pouch, which had not come 
in contact with the drug. In the stomach proper was a superficial ulcer- 
ation which appeared to be less extensive than that usually seen in the 
unaltered stomach after similar exposure to cinchophen. 


INFLUENCE OF CINCHOPHEN ON GASTRIC SECRETION 


Studies made of gastric acidity by fractional analysis after a meal 
of meat before, during and after periods of administration of cincho- 
phen failed to show any significant change in the level of gastric acidity 
produced by this stimulus.*® The secretion obtained just prior to feed- 
ing was frequently found to be of much greater volume and somewhat 
more acid during the periods of administration of cinchophen. Similar 
studies of the gastric secretion after subcutaneous injection of histamine 
failed to show significant changes in the acidity of the gastric juice. 
Secretion during fasting appeared to be definitely increased by cincho- 
phen, and the total volume of gastric juice secreted after stimulation 
by histamine was found to be increased about twofold during the 
periods of administration of cinchophen. This increase appeared to be 
gradual, beginning after a few days of administration of cinchophen, and 
a definite peptic ulcer was always observed to be present when the 
volume of the secretion had reached its maximum. This hypersecretion 


15. Stalker, L. K.; Bollman, J. L., and Mann, F. C.: Effect of Cinchophen 
on the Gastric Secretion: An Experimental Study, Arch. Surg., 34:1172-1178 
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decreased rapidly when administration of the drug was discontinued, 
and it also was found to decrease markedly after an ulcer had been 
established, even though administration of the drug was continued. The 
activity of pepsin secreted by the stomach was not significantly altered 
by administration of cinchophen. 

Studies of the fundic secretion from a Heidenhain pouch were quite 
comparable to those of the entire gastric secretion. Fractional analysis 
of the secretion from the pouch after a test meal disclosed no change 
in the concentration of the acid secreted, but the period of secretion 
was longer and more persistent during the first few days of adminis- 
tration of cinchophen. The total daily secretion was two or three times 
greater than the amount found before cinchophen was given. After the 
first few days ulceration of the pouch was present, and the contents 
were frequently contaminated with blood, but there appeared to be defi- 
nite reduction in the volume of gastric juice secreted after ulceration 
was established. Ulcers appeared to form more rapidly in the acid- 
secreting pouch than in the stomach proper. We attributed this to the 
fact that some free acid was constantly present in the pouch and, in 
addition, there was little or no alkalinizing mechanism. 

More than 90 per cent of the chronic ulcers that developed after 
the administration of cinchophen were in the pyloric region, which has 
an alkaline secretion, in contrast to the acid secretion of the rest of the 
stomach. After surgical exclusion of the pyloric segment of the stomach 
we were unable to produce ulceration in this area after administration 
of cinchophen. In other animals the excluded pyloric segment was made 
larger so that it included a portion of the acid-secreting fundic mucosa. 
Administration of cinchophen produced gastritis in the excluded pyloric 
segment of these animals, and acute or subacute ulcer was present in 
the pyloric region. Some gastritis was produced by the cinchophen in 
the stomach proper, and in about 40 per cent of the animals an ulcer 
developed on the posterior wall of the efferent loop of jejunum of the 
gastrojejunal anastomosis used to reestablish gastro-intestinal continuity 
after exclusion of the pylorus. 


PROPHYLACTIC TREATMENT 


The acidity of the gastric juice and the prolonged exposure of the 
pyloric mucosa to the action of acid appeared to be definite factors in 
the production of ulcers by cinchophen. We had also noted that in ani- 
mals which refused food, ulcer sometimes developed more slowly than 
in others and that in animals fed a coarser diet, which included particles 
of bone, gastric ulcer developed more rapidly. These observations indi- 
cated that the consistency of the food likewise influences formation of 
ulcer. In the treatment of cinchophen peptic ulcer the attempt should 
be to give a nonirritating diet in such a manner that gastric acidity will 
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be at a minimum and that the ulcer-bearing area will be exposed to 
gastric contents for a minimal time.'® 

Because the process of spontaneous healing when administration of 
cinchophen is discontinued is too rapid to allow certain evaluation of the 
effectiveness of therapy, we decided to determine the effect of prophy- 
lactic treatment on these ulcers. Accordingly, the forms of therapy were 
instituted simultaneously with the administration of cinchophen. Each 
of the dogs used was given a capsule containing 2 Gm. of cinchophen 
each morning for the first four days of each week; on the last three 
days no cinchophen was given, but the usual diet and prophylactic 
treatment were continued. All animals were examined at the end of 
thirty days. 

Animals of the control group received cinchophen in the same man- 
ner and were maintained on a diet of ground meat, cracker meal and 
evaporated milk. In every case a chronic peptic ulcer developed during 
the thirty days of study; a few of the animals died prior to this as a 
result of perforation of the ulcer. 

Animals which received a diet composed wholly of milk, given in 
three feedings each day, also had gastric ulcers at the end of the period 
of administration of cinchophen. The process, however, was acute or 
subacute, in contrast to the chronic process in the control animals. The 
ulcers were also smaller and gave more evidence of healing than is 
usually seen. 

Animals which received alkaline powders, bismuth subcarbonate, 
magnesium oxide, calcium carbonate and sodium bicarbonate six times 
during the day and a diet composed wholly of milk gave some evidence 
of gastritis during the first and second weeks but appeared normal 
during the later weeks. In no case did a chronic lesion develop. In the 
majority of the animals the stomach appeared normal at necropsy, but 
in others a few small mucosal erosions were present and some small 
healing lesions were observed. 

Another group received gastric mucin, 15 Gm. five times each day, 
in addition to the control diet. The appetite of these animals remained 
good, and their nutritional state appeared better than that of animals of 
the control groups. Two animals appeared entirely normal at necropsy, 
but two others which received the same treatment had a large chronic 
ulcer on the posterior wall near the pyloric ring. 

Animals of another group were given duodenal extract, 3.3 Gm. 
three times daily, in addition to the control diet. In every case there was 
some demonstrable lesion of the gastric mucosa, but in no case was the 
lesion as severe as that of the control group of animals. The usual 
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picture after treatment with duodenal extract consisted, in part, of 
multiple small acute and subacute ulcerations. 

A daily intramuscular injection of 5 cc. of a 4 per cent solution of 
histidine monohydrochloride was given to animals of another group 
which received cinchophen and the control diet. In each animal a larger 
chronic peptic ulcer developed and was as severe in every respect as 
any seen in the control group. 

Animals of another group, which had been subjected to gastrojeju- 
nostomy, also were given cinchophen and the control diet. In each case 
symptoms of gastritis developed, but in no case had a gastric or gastro- 
jejunal ulcer developed within the time allotted in these experiments. 
In most cases the jejunum appeared normal, but mild gastritis, with 
mucosal erosions, was present in the fundic portion of the stomach. 


SUMMARY 


The continued administration of cinchophen to dogs produces a 
chronic gastric ulcer similar in appearance and situation to the gastric 
ulcer of man. Formation of ulcer is preceded by the occurrence of acute 
gastritis which involves particularly the fundic portion of the stomach. 
After the first week or two the gastritis is less marked, and a perforating 
type of peptic ulcer develops on the pylorus. In a period as short as 
three weeks the ulcer may have all the appearance of a chronic peptic 
ulcer. Coarse foods decrease and soft foods increase the time required 
for formation of ulcer. During the period of the formation of ulcer the 
acidity of the gastric juice is within normal limits, but the amount of 
gastric juice secreted is definitely increased and the gastric content 
remains acid over a period longer than normal. Spontaneous healing 
of the chronic ulcer produced by cinchophen occurs rapidly when admin- 
istration of the drug is discontinued. Complete healing may be accom- 
plished in from two to seven weeks. Chronic ulcer did not occur after 
gastro-enterostomy under conditions which produced chronic ulcer in 
all the control animals. Chronic ulcer was not produced in dogs which 
received a diet of milk and alkaline powders. Other types of prophylac- 
tic therapy appeared to be less efficacious. 


ABSTRACT OF DISCUSSION 


Dr. Georce B. EusterMAN, Rochester, Minn.: There is no denying the strik- 
ing similarity between these experimental lesions and the chronic ulcer in the 
human being from the standpoint of physical appearance and behavior under treat- 
ment. If one could be sure that these two lesions were strictly comparable, then 
definitive conclusions bearing on etiology and treatment could be reached. Many 
of Dr. Bollman’s observations are certainly verified by clinical experience, espe- 
cially in regard to results of treatment by different methods, but certain paradoxes 
cannot easily be explained away by the clinician. For example, in the human being 
a toxic dose of cinchophen produces toxic hepatitis, often fatal, but rarely directly 
a chronic gastric lesion. 
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Again, the preponderant lesion, even in the experimental animal, is gastric and 
rarely, if ever, solely duodenal, and it is known that the converse is true in man, 
at least clinically. One may reasonably postulate that gastritis is the precursor of 
gastric ulcer, on the basis of combined clinical and histopathologic observations ; 
but one still is faced with the fundamental problem: If so, what is the cause or 
genesis of gastritis in the human being with chronic ulcer usually encountered 
clinically ? 

These remarks are not to be construed as derogatory of the importance and 
brilliance of this and allied experimental studies, because these studies have yielded 
information concerning the mechanism of the production of ulcer that probably 
could not have been secured otherwise. In my opinion, however, the problem of 
the actual endogenous and exogenous factor or factors involved in the genesis of 
the chronic lesion still awaits solution. 

Dr. Lester R. Dracstept, Chicago: The experiments have been well planned, 
and the data secured are definite and instructive. They provide additional support 
to the large body of accumulated evidence which now points irresistibly to the 
digestive action of the gastric content as the important local factor in the genesis 
of ulcer. 

The ulcers produced by Dr. Bollman and the associated gastritis are very 
similar to the lesions that I have observed develop in the totally isolated stomach 
of the dog, which I have interpreted as proving that pure gastric juice can 
digest all living tissues, including the wall of the stomach itself. 

In the experiments of Dr. Bollman the secretion of gastric juice produced 
by cinchophen takes place in the empty stomach. There is no immediate neu- 
tralization by food. The gastric content is chiefly pure gastric juice, and the 
gastric mucosa is exposed to its digestive action in a manner similar to that 
obtaining in the isolated stomach. 


The development of associated gastritis in both these experiments, that is. those 
on the isolated stomach and those with cinchophen, is important, because it 
indicates that the ulcer gastritis described by Konjetzny is a part of the general 
process and, like the ulcer itself, is due to the corrosive action of the gastric 
content. 


Dr. A. F. R. ANpeERSEN, Brooklyn: The authors have called attention to the 
fact that the ulcers produced by cinchophen in the animals were exactly like the 
chronic gastric ulcers in human beings and that when the administration of 
cinchophen was stopped no new ulcers were noted and the chronic ulcers promptly 
healed. I want to point out that this is exactly what happens in the case of 
uncomplicated ulcer in man—a given ulcer heals rapidly and completely, as has 
been shown by clinicians and roentgenologists so many times and as has been 
emphasized particularly by Lewis Gregory Cole. An ulcer in man which fails to 
heal spontaneously is one which has been complicated by perforation against a neigh- 
boring viscus or by marked perigastric or periduodenal peritoneal reaction, result- 
ing in a rigid area of infiltration which prevents the normal process of healing. 
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Two large books on allergy were published in 1937. The new 
edition of Albert H. Rowe’s * book is entitled “Clinical Allergy Due to 
Foods, Inhalants, Contactants, Fungi, Bacteria, and Other Causes: 
Manifestations, Diagnosis and Treatment.” Louis Tuft’s ? book is entitled 
simply “Clinical Allergy.” Both books cover the literature well and 
present the subject in all its aspects. In addition, several reviews of 
particular aspects of allergy are available in current journals. Francis 
Scott Smyth * has .presented a series of critical reviews of allergic 
disease, the last two being published in the Journal of Allergy and in 
the Journal of Pediatrics. Hansel* once more reviews the current 
literature on allergy as related to otolaryngology and ophthalmology. 
Feinberg ° presents “Progress in Asthma and Hay Fever; the Literature 
for 1936,” and Sulzberger ® writes on the “Allergic Manifestations of 
Dermatology.” In my review of the literature of 19367 I tried to lay 
stress on the significance of the allergic reaction and on the relation 


between allergy and immunity. 
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The importance of the allergic reaction is shown well by the work 
of Willis and Woodruff, who studied the state of immunity in desensi- 
tized animals and compared the development of tuberculous lesions in 
normal, allergic and desensitized animals. They gave large doses of 
living tubercle bacilli to three groups of guinea-pigs. The first group 
was made up of normal animals. When inoculated with virulent 
tubercle bacilli they became allergic, and scattered tubercles developed 
in the lungs; many died of extensive disease. The second group of 
animals had recovered from a previous injection of avirulent tubercle 
bacilli. They had become allergic. After reinoculation with virulent 
bacilli the animals remained allergic, and only a few died, with moderate 
tubercle formation in the lungs. The third group was made up of 
normal animals in which the development of allergy was prevented by 
a daily dose of 1 cc. of old tuberculin given (presumably) subcu- 
taneously. In the absence of allergy the animals died promptly of 
generalized tuberculous bronchopneumonia when given the final test 
dose. As Dienes® points out so well, true immunity is a function of 
the tissues, and the allergic reaction is merely a part of this tissue 
immunity. Free antibodies in the serum represent merely the excess. 

Meantime, greater stress is being laid on the importance of using 
materials which are strictly pure. For example, Abernethy and 
Francis *° studied the cutaneous reactions of patients with pneumonia 
to the cellular carbohydrate fraction C of the pneumococcus. They 
found that the positive cutaneous reaction develops early in the disease 
and tends to fade with recovery. It runs parallel to the development 
of precipitins for the same C fraction. In fatal cases a positive 
cutaneous reaction to fraction C never does develop. The reaction to 
fraction C is different in its time of appearance from the reaction to 
the other carbohydrate—the capsular substance, or the so-called soluble 
specific substance (SSS). The latter elicits no reaction until recovery 
is definitely established. In a second paper Abernethy ** compares the 
response in rabbits infected with virulent pneumococci given intra- 
dermally with the reaction in monkeys treated with the same organism 
injected directly into the bronchi. These virulent bacteria caused the 
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development of tremendous hemorrhagic locai lesions in rabbits with 
death in three or four days. These animals never showed positive 
cutaneous reactions. In the monkey, on the other hand, a precipitin 
reaction developed promptly and remained until recovery began. 
Cutaneous tests were not made. 

Stevens and Jordani ** extend and clarify their own work by showing 
that when a group of patients with asthma, hay fever and other mis- 
cellaneous diseases were tested intradermally with nucleoproteins from 
Staphylococcus aureus and a hemolytic streptococcus, urticarial reactions 
were obtained only in that group of patients who had evidence of true 
hypersensitiveness to common allergens. On the other hand, delayed 
inflammatory reactions were evenly distributed among patients of all 
kinds. In the discussion the authors say that they are doubtful whether 
the immediate reaction depended strictly on the nucleoprotein or some 
trace of the bacterial carbohydrate which might have been mixed with it. 

In December 1936 Opie** published an excellent discussion of 
the significance of allergy in disease. This article is most timely and 
should be read by every one interested in the subject. In it Opie points 
out again that the local reaction which is so characteristic of allergy 
has the function of holding the infecting agent fixed at the site of inocu- 
lation. If this reaction is produced by injection of formed substances 
(foreign red cells or tubercle bacilli) these elements are not destroyed by 
the reaction; they stay intact for some time. The function of the 
allergy is merely to hold them in place. Allergy is closely related to 
immunity, but the two are not necessarily parallel. Opie reviews the 
details of recent works on the reaction of animals to tubercle bacilli, 
to nonhemolytic streptococci and to hemolytic streptococci and shows 
that, with minor variations dependent chiefly on the virulence (invasive- 
ness) of the organism, the reactions are much the same in each case. 
If the infecting agent is not too virulent, so that it does not spread too 
rapidly because of its own invasive power, it remains at the point of 
entrance, and up to that time allergy and immunity develop together. 
Later, sensitization occurs, so that if the antigen is injected a second 
time an immediate response is elicited, and the second dose is held with 
considerable effectiveness to the site of injection. However, this allergy 
can be abolished temporarily by the injection of the antigen intra- 
venously. In this process of rapid desensitization the immunity is not 
affected. Circulating antibodies, as measured by complement fixation, 
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remain in the same concentration as before. Desensitized animals are 
still resistant to ordinary doses of the infecting agent given intra- 
venously. 

These relations show considerable variation among animals and with 
the different varieties of infectious agents. As has been implied, the 
allergic reaction is more easily demonstrated with infections of low 
virulence. The technic is also important, and, especially in the case of 
streptococci, allergy can be demonstrated only when the organisms are 
injected into the skin itself; it mever occurs in animals treated intra- 
venously. The technic also includes the products used, and Opie makes 
the interesting suggestion that virulence and the capacity to induce 
sensitiveness may depend on different parts of the antigen—a thought 
which emphasizes again the point that whole bacteria and many of their 
so-called purified products are really mixtures of different antigenic 
principles. The paper by Abernethy and Francis*® is especially 
interesting in this regard. 

These studies of the various features of bacterial allergy advance 
the knowledge of the mechanism of “clinical allergy”—that special form 
dominated by cutaneous and tissue reactions of the immediate urticarial 
type. The development of immediate reactions to certain carbohydrate 
fractions of the pneumococcus is part of the normal immune process in 
pneumonia, just as the immediate reaction is part of the normal response 
when a large dose of foreign serum is given to a normal person. The 
immediate reactions, which are called hay fever, asthma or eczema, 
may well be a simple exaggeration of a process which is fundamentally 
normal. 

The delayed inflammatory reactions produced by other bacterial 
products are closely related, as previously discussed. Vaccines influence 
the progress of asthma. Their effect is nonspecific and is related to 
the local reactions which they produce. However, the mechanism of 
their action is not yet understood clearly. 


THE NATURE OF CLINICAL ALLERGY (“ATOPY’’) 


Heredity—The nature and origin of clinical allergy remain obscure, 
despite an enormous amount of work. It is generally agreed that 
heredity plays an important, if not an essential, part in the origin of 
allergy, and it is refreshing to have Ratner ‘* say that in an intensive 
study of 250 allergic children, 350 normal children and their respective 
families the incidence of allergy in the family of the allergic child was 
found to be approximately the same as that in the family of the normal 
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child. Baagge*® describes the occurrence of allergy in Denmark, 
pointing out that a familial predisposition can change the incidence of 
asthma, for example, from 3 to 7 per cent. Spaich and Ostertag *° made 
an allergic study of seventy-one pairs of twins. In the case of uniovular 
twins the same type of allergic manifestation appeared in each member 
of the pair in a high percentage of cases. This was especially true 
of hay fever, migraine and urticaria. For asthma, however, the figures 
were lower, since asthma occurred in only 28 per cent. In the case of 
biovular twins the figures were lower. The authors believe that these 
results constitute a clear demonstration of the importance of heredity. 

Endocrine Factors——Endocrine factors are always to be considered, 
but so far there is little supporting evidence in this regard. Dragstedt, 
Mills and Mead ** tried to protect dogs against fatal anaphylactic shock 
with a previous injection of an extract of adrenal cortex, and although 
in the animals so treated the severity of the resulting reactions was less 
marked, it is proper to point out that nonspecific therapy of various 
sorts can likewise modify the severity of shock. In 1936 Wilmer, 
Miller and Beardwood ** reported that the curve for dextrose tolerance 
is altered in the allergic state and pointed to the rarity of the occurrence 
of allergy and of diabetes in the same patient. More recently they * 
have shown that for 633 patients with allergy the average sugar curve 
rose only to 130 mg., whereas for the controls it reached 160 mg. 


Wagner and Rackemann”° also determined the sugar tolerance of 
patients with asthma but failed to find any significant difference from 
that of normal persons. Even for the chronic users of epinephrine, the 
sugar curve was still in its normal position. 


Dietary Factors ——The dietary factors are a little more pertinent, and 
this year several articles deal with the influence of vitamins on anaphy- 
laxis and allergy. Van Niekerk,”* in Holland, produced scurvy in 
guinea-pigs and found that the animals reacted to horse serum as do 
normal animals, and, furthermore, that a large dose of vitamin C had 
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no protective effect against anaphylactic shock. On the other hand, in 
a study of patients with asthma Epstein *? found that vitamin C was 
a useful adjuvant to other treatment. In this connection it is interesting 
to note the experiments of Jungeblut,?* who found that the addition of 
optimal quantities of vitamin C to the diet of monkeys would protect 
a certain number against an otherwise fatal dose of poliomyelitis virus. 
It is possible, of course, that vitamins may influence all the processes 
of immunity. The old difficulties concerning the production of cutaneous 
sensitiveness to arsphenamine—that certain animals would respond 
while others would not—are modified somewhat by the findings of 
Cormia,** who discovered that a diet low in vitamin C made it possible 
to produce sensitiveness to arsphenamine in guinea-pigs which on a full 
diet did not react. When huge doses of vitamin C were given to other 
guinea-pigs, they could not be sensitized at all. 

Chemical Mediators of Nervous Activity—Finally, the new know]l- 
edge of chemical mediators of nervous activity makes it proper to 
entertain the theory that the manifestations of allergy may depend on 
some peculiar response of the body to a substance like acetylcholine, 
sympathin or histamine, which are normal products of the tissue and 
which are known to exert powerful effects. 

This important subject is reviewed in a new book by Cannon,”°> who 
describes the organization of the autonomic system and the evidence of 
the chemical mediation of nervous impulses. The extraordinary sub- 
stances discovered through the experiments of Hunt, Dale, Loewi and 
Cannon are described as to their immediate and their remote effects 
and in relation to each other. 

When the sympathetic nervous system is stimulated, epinephrine is 
poured out into the blood stream by the adrenal glands, and, in addition, 
another substance (discovered by Cannon and his co-workers), called 
sympathin, is secreted by the cells in which the sympathetic nerves have 
their ending, such as the cells of the smooth muscle of blood vessels or 
of the intestines. Epinephrine and sympathin are called sympathomi- 
metic (they “mimic” the symptoms of sympathetic stimulation) or, 
better, adrenergic substances (in contrast to cholinergic substances). 

The chemical mediator of the parasympathetic system is different. 
The parasympathetic, sometimes called the vagus, system, includes the 
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third, seventh, ninth and tenth cranial nerves, as well as the spinal 
(sacral) nerves which supply the rectum, bladder and genitals. When 
a parasympathetic nerve is stimulated, the corresponding cells produce 
a substance which on application to new cells is capable of reproducing 
the same symptoms as the original stimulation. As Loewi showed, the 
perfusate from a heart slowed by action of the vagus system could 
cause slowing in a second heart when infused into it. The substance 
responsible has the physical and chemical characteristics of acetyl- 
choline. It has many interesting properties. First of all, it is extremely 
labile, being readily destroyed in the body by blood and by tissue 
extracts, for the reason that these tissues contain a ferment for it called 
choline esterase. This ferment, however, can in turn be readily 
neutralized by physostigmin or prostigmin, so that if the whole animal 
or the blood tissue extract is treated with physostigmin, acetylcholine 
will then degenerate only very slowly, and thus its effect will be much 
more evident. Blood alone can destroy acetylcholine, but the blood of 
certain animals does it faster than that of others. It is noteworthy that 
when the various vertebrates are arranged according to the breakdown 
of acetylcholine in the blood, the order being from strongest to weakest 
(man, pig, cow, dog, horse, rabbit, frog, cat and guinea-pig), this 
order is not very different from the order of their susceptibility to 
anaphylactic shock. 

Histamine also is a product of the normal cell and has functions 
much like those of acetylcholine, but histamine is stable. 

Pilocarpine hydrochloride has an action comparable to that of 
acetylcholine. Dharmendra ** tested the drug on 47 asthmatic patients 
and 11 controls and found marked responses in 30 of the asthmatic 
patients but in only 2 of the controls. 

Anesthetics like ether prevent the development of those symptoms 
which provide the demonstration of the presence of acetylcholine. 
Ethyl carbamate (urethane) seems to interfere with the liberation of 
acetylcholine in the tissues, and it is interesting that Farmer ** has shown 
that it can protect guinea-pigs against fatal anaphylactic shock. When 
the uterine horn of the sensitized guinea-pig was treated with ethyl 
carbamate and then with the specific serum, no contraction occurred, and 
yet the uterus was found desensitized to further doses of the antigen. 
In case the ethyl carbamate was washed out of the bath before the sensi- 
tive serum was added, then contraction occurred. The authors con- 
clude that ethyl carbamate acts simply to inhibit the contraction; it does 
not prevent the specific union of antigen and antibody. 
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3enzedrine (racemic benzylmethylcarbinamine) is a drug new to the 
treatment of asthma. It has pronounced adrenergic effects and is useful 
in cases of mild asthma as a temporary measure. When administered 
over a long period it may do harm. 

At the 1937 ‘meeting of the American Medical Association, in 
Atlantic City, N. J., Myerson ** had an exhibit showing the relations 
in the field of human autonomic pharmacology. Mecholyl (acetyl beta- 
methylcholine hydrochloride) is a relatively stable substance which can 
be used to reproduce the effects of acetylcholine. When injected into 
a normal person it produces a marked reaction, with flushing of the 
face, sweating, narrowing of the pupils, rhinorrhea and _ perhaps 
asthma.?® The heart is slowed and intestinal peristalsis is accelerated. 
Gastric secretion is much increased. All these symptoms can be quickly 
abolished with atropine, so that Dameshek and Feinsilver *° suggest that 
mecholyl may be used in a diagnostic test for atropism. 


The idea that asthma (and, indeed, other symptoms of allergy) may 
depend on an excess of acetylcholine, on some disturbance in its normal 
breakdown by the esterase or on some peculiar sensitivity to it is of 
considerable interest. In 1934 Villaret, Vallery-Radot, Bezancgon and 
Claude ** found that from 0.02 to 0.04 Gm. of pure acetylcholine given 
to a patient with asthma caused an attack at once but that in normal 
persons asthma did not occur, except in patients who had recently 
recovered from pneumonia. This exception led them to the finding that 
asthma could be produced also in dogs with acetylcholine, provided the 
lungs were irritated by exposure to chlorine gas. Evidently this pre- 
liminary irritation of the lungs is necessary. Foggie ** also has shown 
that both histamine and acetylcholine can cause bronchoconstriction in 
the lungs of the rat; as expected, the rat requires larger doses than 


the guinea-pig. 
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Several experiments aim to show that the effects of cholinergic 
substances are increased during shock and therefore that perhaps the 
shock depends on them. Ungar and Parrot ** made extracts of guinea- 
pig lung before and after sensitization to horse serum and tested them 
on strips of guinea-pig intestine. The extract of sensitized lung mixed 
with horse serum gave a definite contraction curve, whereas the controls 
showed no reaction. Dragstedt and Mead,** with a similar experiment, 
found that a histamine-like substance was present in the blood during 
anaphylactic shock in the dog. Corelli ** observed that an injection of 
histamine intensified eczematous lesions of the skin by producing an 
increased permeability of the capillaries. In cases of asthma Wenner 
and Buhrmester ** determined the acetylcholine content of the blood 
and found it increased. If anaphylactic shock and asthma are asso- 
ciated with an excess of cholinergic substances, perhaps a part of the 
picture depends on a depletion of adrenergic substances. Koref and 
Rivera ** found that after shock, whether produced by histamine, 
peptone or anaphylaxis, the epinephrine content of the adrenal glands 
is decreased. 

Reagins.—Once a state of allergy develops, it is said that symptoms 
result from the union of the antibody and the antigen in the sensitized 
cell. The Prausznitz-Kiistner phenomenon furnishes one method of 
demonstrating the presence of this antibody, but several new observations 
have been made on it. Stull, Sherman and Cooke ** found that the active 
principle is contained in the pseudoglobulin of the sensitizing serum. 
Parlato *® found that blister fluid also could transfer sensitiveness from 
demon- 


40 


patient to normal recipient. Sherman, Kaplan and Walzer 
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strated that when the reagenic serum was injected into the nasal mucosa 
over the turbinates or septum, injection of antigen into these same sites 
resulted in local swelling, but rarely in symptoms simulating hay fever. 
Caulfeild, Brown and Waters *! and, almost at the same time, Straus *? 
succeeded in transferring local sensitiveness to allergens like horse serum 
or cotton-seed from man to monkey. These findings are of considerable 
interest because up to that time the attempts to reproduce the transferred 
phenomena had not been successful in the lower animals. Caulfeild ** 
also succeeded in transferring a local sensitiveness from guinea-pigs to 
monkeys. 

What is the significance of the so-called reagins? It has been thought 
that they are responsible for the symptoms of allergy, and much stress 
has been laid on the positive demonstration of reagins as evidence of 
hypersensitiveness to a particular foreign substance. Now comes a paper 
by Chobot and Hurwitz ** in which it is shown that reagins may fre- 
quently be demonstrated in the serum of children “skin sensitive” to food 
in spite of the fact that they have no corresponding clinical manifes- 
tations. Hill** found reagins to dust and feather proteins in 6 of 16 
children tested. One point stressed in his paper is that neither cutaneous 
tests nor reagins are proof of clinical sensitiveness. 

Reagins have long been used as a means of study of biologic relations 
between related substances. Baldwin and Benedict ** in this way studied 
the crossed reactions to various botanically related foods and found that 
when the serum of a sensitive patient was incubated with extracts of the 
food, all the reagins to members of the food group were neutralized at 
the same time. Thus, carrot, celery, parsley and parsnip are biologically 
related; likewise, apple, quince and pear. Three fishes were found to 
be related. Studying different household dusts, including house dust, 
kapok and feathers, Wagner and I ** found a certain cross-relation 
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between the different substances, but the relation was not absolute. 
Regarding specificity, Hooker ** recalls the theoretical reasons for the 
conception that whole molecules are not involved in specific reactions 
but that specificity is determined only by the small binding groups on 
these molecules. For example, animals prepared with iodized horse 
serum react to iodized chicken serum as well as to normal horse serum. 

Can clinical sensitivity be present in patients who have no reagins? 
The question is important, but it is hard to answer. “Test-negative” 
patients appear to be clinically sensitive, and special tests prove that they 
are, but so far no one has looked for reagins in their blood. 


CHEMISTRY OF HYPERSENSITIVENESS 

The chemistry of hypersensitiveness has been advanced a little. 
Landsteiner ** studied trinitrophenol hydrochloride and 2:4 dinitro- 
chlorcbenzene and their ability to combine with blood serum and to 
produce anaphylactic shock. His animals that had been treated, how- 
ever, reacted not to the chemical itself but only to its protein combina- 
tion; the reaction obtained included positive cutaneous reactions as well 
as anaphylaxis of the entire body. Fierz, Jadassohn and Stoll *° made 
similar studies of atoxyl (sodium arsanilate) combined with protein by 
diazotization. As expected, the protein combination seemed to be 
essential. 

CLINICAL ALLERGY 

Diagnosis—The diagnosis of allergy, particularly the interpretation 
of positive cutaneous reactions, is discussed in an interesting paper by 
Pearson.*® He made cutaneous tests on a large number of asthmatic 
and control subjects and observed that positive reactions occurred in 
many of the controls, although, of course, more were found among the 
asthmatic subjects. He describes the cutaneous test as a source of “sub- 
sidiary information.” Another good paper is by Pratt,®* who recalls the 
theory that atopic symptoms can depend on the summation of a slight 
degree of sensitiveness to a number of different allergens acting together. 
Pratt put this theory to a test by studying the anaphylactic reaction in 
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guinea-pigs sensitized to crystallized egg albumin and to crystallized 
horse globulin at the same time. He concludes, first, that when the test 
dose contains a small amount of each antigen the degree of shock is not 
more than would be observed from the same small amount of either 
antigen alone, and, second, that when either of the antigens is increased 
by itself above the minimum requirement, the incidence of shock and 
its severity are increased definitely. Why the body should not react to 
each of two substances at the same time is, of course, still difficult to 
explain, unless it is that the molecule of one substance is larger than that 
of the other, so that the animal reacts first to the one which can permeate 
his tissues with greater ease. 

The diagnosis of specific factors depends entirely on the interpreta- 
tion of cutaneous tests, and Hill ** has thrown an interesting light on this 
subject. He tested 44 eczematous infants with a stock extract of house 
dust and an extract of feathers intradermally and found that 31 of the 
infants reacted to the dust and 25 to the feathers. Normal children did 
not react. Other allergic children did not react. What did these positive 
reactions mean? Sometimes elimination of external dust by confinement 
in a hospital room was enough to bring relief, but there were too many 
exceptions to this principle; so Hill points out again that there must 
be an obvious distinction between sensitiveness of the skin, on the one 
hand, and clinical sensitiveness of the whole body, on the other. The one 
situation in which a real cure occurs is that which follows acute infec- 
tious diseases. And here lies the important key to the problem. The 
article closes with a good line: “The removal of allergens is a surrender 
to a bad situation rather than a direct attack upon it.” The next two 


papers are practical. Swineford *? describes a woman of 32 who always 
obtained great relief from wheezing by smoking asthma powder con- 
taining Stramonium, swamp cabbage, Lobelia inflata and potassium 
nitrate until finally she became sensitive to the dust of the powder itself. 
3ernstein and Ginsberg ** had a patient who became sensitive to the milk 


preparation used in nonspecific therapy. 

The leukopenic index of Vaughan ® still has its advocates. Squier 
and Madison * note that the number of eosinophil cells in the blood 
increases as constantly as the number of leukocytes falls after the inges- 
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tion of allergic foods. On the other hand, Loveless and her associates °° 
studied the leukocyte reaction of a number of patients who were known 
to have allergic symptoms after the ingestion of certain foods. In some 
of these she observed that the taking of food caused a rise rather than 
a fall in the total leukocyte count. Also, leukopenia was found in some 
normal persons after a test breakfast. Her work in this report was most 
meticulous, each observation being based on a count of 800 white cells. 

Waldbott and Ascher ** showed that when cutaneous tests are made 
less than four weeks after the original onset of asthma, they are likely 
to give a negative reaction. 

The diagnosis and the therapy of serum reactions, with general rules 
to be followed before any foreign serum is administered to a patient, are 
well given in a special article in The Journal of the American Medical 
Association by Fantus in collaboration with Feinberg.®* 

A good point is raised by Gilles,®® who says that the fear of anaphy- 
laxis can no longer justify the failure to employ protective serum in 


every case of street accident. He examined sixty-three samples of dust 


from the streets of Baltimore and found tetanus bacilli in 17.4 per cent 
of them. Furthermore, nine of the eleven strains, or 14.2 per cent of 
the samples, contained a virulent toxin-producing organism. Not only is 
treatment with tetanus antitoxin advisable, but it should always be given 
’ point out in a study of 


66 


early, for, as Huntington and his colleagues 
642 cases, the mortality from tetanus is very high, regardless of whether 
or not the patient is treated with serum. 

Other diagnostic procedures include the study of the blood lipids, 
but Bullen and Bloor * found no difference between the patient with 
asthma and the normal control in this regard. Black and Kemp * found 
that the density of the blood, as measured by timing the rate of fall of a 
small drop of blood through a mixture of xylene and bromobenzene, was 
increased in cases of guinea-pig anaphylaxis and certain forms of allergy. 
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HAY FEVER 

Pollen.—W odehouse ** adds several articles to his series of botanic 
descriptions of the different “hay fever plants.” Stealy °* describes the 
pollen content of the air over San Diego, Calif., and Schonwald ® gives 
a general description and some good pictures of the pollens which are 
common to Seattle. Blumstein and Tuft ° call attention to the impor- 
tance of plantain as a fairly frequent cause of hay fever. Among 180 
patients who were thoroughly studied, they found 14 who showed sen- 
sitivity to plantain, an incidence of 7.7 per cent. 

Concerning the extraction of ragweed, Zoss and his associates * 
isolated the precipitate produced by the addition of potassium alum to 
the ordinary watery extract and made the interesting observation that 
guinea-pigs could be readily sensitized with the preparation. One cubic 
centimeter of the precipitate suspended in an amount of salt solution 
equal to the original quantity of the ragweed extract was sufficient to 
sensitize guinea-pigs when injected subcutaneously. After twenty-two 
days the animals were given intravenous doses of the same “aqueous 
ragweed extract’’ (which I take to mean the same precipitate suspen- 
sion). At any rate, all 12 of the animals showed definite symptoms, and 
9 which received larger doses died in typical anaphylactic shock. When 
this alum precipitate was used in the routine treatment of patients with 
hay fever, however, the results were distinctly disappointing and, indeed, 
not so good as for the control series of patients treated with the usual 
material. 

Specific Treatment and Its Results —The treatment of hay fever by 
giving pollens by mouth, either in the form of the extract or of capsules 
containing the native pollens mixed with some inert substance like sugar 
or starch, is under investigation. Since 1922, when Touart ®* treated 
6 patients with daily doses of tablets containing pollen, the possibility 


63. Wodehouse, R. P.: Pollen in Hay Fever, Torreya 36:77, 1936; Pollen 
Grains in the Identification and Classification of Plants: VII. The Ranunculaceae, 
Bull. Torrey Botan. Club 63:495, 1936; Pollen Grains in the Identification and 
Classification of Plants: VIII. The Alismataceae, Am. J. Botany 23:535, 1936. 

64. Stealy, Clair L.: The Pollen Content of the Air of San Diego, Calif., J. 
Lab. & Clin. Med. 22:273, 1936. 

65. Schonwald, Phillipp: Atmospheric Causes of Allergy in Western Wash- 
ington, Northwest Med. 36:14, 1937. 

66. Blumstein, G. I., and Tuft, L.: Plantain Hay Fever: Its Incidence and 
Importance, J. A. M. A. 108:1500 (May 1) 1937. 

67. Zoss, A. R.; Koch, C. A., and Hirose, R. S.: Alum-Ragweed Precipitate : 
Preparation and Clinical Investigation; Preliminary Report, J. Allergy 8:329, 
1937. 

68. Touart, M. D.: Hay Fever: Desensitization by Ingestion of Pollen Pro- 
tein, New York M. J. 116:199, 1922. 





RACKEMANN—ALLERGY 143 


of therapy by mouth has been considered. Bernstein and Kirsner °° 
show that the gastric juice does not alter the extract so far as the skin 
test fraction is concerned. McGrew ™ treated 33 patients with drop 
doses of a 1 per cent extract of grass pollen and found that 29 were 
improved. More important is the report of Stier and Hollister,’* who 
treated 383 patients and found that the results were about the same as 
for those treated by the regular parenteral method. Most of the patients 
had hay fever of the tree or grass pollen type. 

Whether the successful treatment of patients with hay fever results 
regularly in a reduction in the size of the cutaneous reaction is always 
debatable. Baldwin and Glaser **? found a reduction in half their 
patients. The degree of sensitivity of the mucous membrane, however, 
was always reduced if the patient was clinically improved. It is impor- 
tant, however, that these investigators also observed a few patients who 
were improved even though the cutaneous reactions remained about the 
same and a few others who were unimproved in spite of the fact that 
the cutaneous reactions were reduced in size. Harley ** treated 40 
patients who were sensitive to grass pollen, giving a final dose of 100,000 
units, and concludes that pollen therapy results in a decrease in the 
cutaneous reaction whenever a sufficient dose is reached. 

Constitutional reactions are still common. Furstenberg and Gay ™* 
review the literature carefully in a comprehensive article. Their own 
series included 907 patients, 45 of whom (4.9 per cent) had one or more 
major constitutional reactions, whereas only 0.2 per cent of the indi- 
vidual injections administered were accompanied with a general reaction. 
The results of the prophylactic treatment of 612 patients with hay fever 


due to ragweed are given in an elaborate table by Clarke and Leopold.”® 
To those who are interested in this subject, it is comforting to have a 
friend acknowledge publicly that his results also are poor. 
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Perennial Vasomotor Rhinitis—Closely related to hay fever is the 
allergic condition in which the symptoms do not occur at any particular 
season but come and go throughout the year. Perennial vasomotor 
rhinitis is often difficult to treat. The cases fall into two groups. In the 
first group the condition is like hay fever, being dependent on sensitive- 
ness to foreign substances, like orris powder, animals, feathers or some 
occupational dust with which the patient comes in contact. In the second 
group the condition is more obscure. Here the cutaneous tests give 
negative results, and the symptoms are remarkably troublesome. The 
patients are mostly adults, and there are more women than men. In this 
particular group a sensitiveness to dust or to food can be excluded by 
experimental trial, since the symptoms do not change in accordance with 
changes in the environment or diet. Nash *® well says that it is “a dis- 
ease of civilization.” Certainly many of these patients lead sedentary 
lives. They eat too much, and they exercise not at all. They are too 
fat, and a number of them obtain relief after attention to their general 
hygiene. Dean and his co-workers ** discuss the group, pointing to 
possible dietary and endocrine factors, but with not much evidence to 
throw the theories in or out. 

Local treatment with ionization, radium, diathermy and trichloro- 
acetic acid and their results are discussed at length. It is evident that 
no one method is always successful. As Weille recently explained to 
me, the cause of the chronic swelling of the mucous membrane is often 
obscure, but nevertheless the patient suffers from nasal obstruction, 


frequent sneezing and a troublesome watery discharge from the nose, 


and these symptoms are severe enough to disturb the general health. 
Treatment is needed, and a good deal can be done. In giving local treat- 
ment, however, one must remember certain principles: First, it is essen- 
tial that the surface epithelium should be preserved. Second, shrinkage 
of the turbinates must occur from within the tissue itself, and the object 
of treatment should be to produce fibrous tissue which will subsequently 
contract and so make the tissue smaller. Many kinds of treatment will 
accomplish these ends. Simple cautery of the surface with silver nitrate 
or with trichloroacetic acid will produce a local area of scar tissue 
which will be effective for a time. The surface membrane is destroyed 
by such treatment, but, later it will regenerate, and the symptoms will 
return. Ionization accomplishes much the same result, but studies of 
the tissues made before and after the treatment show that the procedure 
causes a good deal of necrosis in the body of the turbinate and a reac- 
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tion which may be severe. Here, again, the tissue will regenerate later, 
and so the symptoms will recur. In a recent paper Weille * describes 
3 cases to bring out this principle and to elucidate the treatment in the 
individual case. 

Clarke and Rogers **® found that the condition occurred in 162 of 
2,000 patients with allergy but that of the 162, 50 per cent had eosin- 
ophilia and 30 had a family history of allergy. A paper by Spiesman and 
Arnold *° is interesting in this connection. With suitable apparatus they 
recorded the changes in the temperature of the nasal mucous mem- 
brane under various conditions. Under normal circumstances the nasal 
temperature goes up and down with the temperature of the body as a 
whole, but in those who are hypersensitive to cold, chilling of the skin 
will make the nasal temperature rise and external heat will make it fall— 
as though the nose tried to overcompensate for the reaction of the body. 
What relation may exist between this sort of hypersensitiveness to cold 
and the other conditions described vividly by Horton, Brown and Roth,*? 
in which exposure to cold may be followed not only by urticaria and 
angioneurotic edema but by actual circulatory collapse, is hard to say. 
At any rate, the evidence at hand, or rather the lack of evidence, suggests 
that further studies of this sort along physiologic lines might be worth 
while. 


Fungi.—When a patient declares that his hay fever or his asthma 


occurs only when he goes to a certain house or sleeps in a certain bed 


or when, on the other hand, persistent asthma clears promptly and com- 
pletely when the patient is admitted to the hospital, it is clear that the 
trouble depends on dusts from which the patient can escape. Many 
patients give positive reactions to cutaneous tests with house dust and 
sometimes to extracts of kapok or feathers but may not react to any 
more definite allergens. What is house dust? Ever since van Leeuwen,*? 
in 1924, described the importance of “miasmata” in the air, many 
workers have thought about molds as causing asthma. So far, how- 
ever, the relation between molds and asthma has been proved in only a 
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few cases. Cadham ** was able to produce asthma by making a patient 
inhale the dust of infected grain, and then in 1930 came the complete 
study by Hopkins, Benham and Kesten ** concerning their patient whose 
skin was sensitive to a certain penicillium and who later was thrown 
into an attack of asthma by inhaling the penicillium spores. There are 
a few other cases like this, but only a few. A good bibliography is 
in Rowe’s *° new book on the subject of clinical allergy. Wittich and 
Stakman °° add a report of another case in which they could demonstrate 
positive reactions to cutaneous tests with various grain smuts and in 
which definite asthma developed on exposure to the dust containing 
these smuts. 

In contrast to these proved cases, there is a much larger group of 
patients who show positive reactions to cutaneous tests with mold 
extracts, and many of these benefit greatly from corresponding treat- 
ment. However, one should hesitate to include their cases in the group 
of proved cases. Positive reactions to cutaneous tests often occur in 
normal persons or in patients who have no clinical sensitiveness along 
with the cutaneous sensitiveness, and, secondly, it is always possible that 
treatment with mold extracts may do good in some nonspecific manner, 
just as treatment with vaccines or with a stock extract of house dust 
may do good in a nonspecific manner. Feinberg’s *’ series of patients 
showing positive reactions to cutaneous tests and good results from 
treatment with molds has increased considerably, from 50 in 1935 to 
62 in 1936 and now to 90. As he said at a recent symposium on fungi: 


There are four groups of cases—those who have symptoms from ingestion of 
fungi, particularly the yeasts and the smuts, the latter including ergot; second, 
are patients who have an actual infection from molds; third, are those who have 
a dermatitis from the growth of molds especially the monilia group; and finally, 
there is a small group of patients who have symptoms from the inhalation of mold 
spores. These spores come mostly from such species as alternaria, hornodendron, 
aspergillus, mucor, and penicillium, all of which belong to the group of imperfect 
fungi—imperfect because the spores are born naked and not in an enclosed sac 
which must rupture before the individual spores can be set free. 
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Mold spores are given off into the air in enormous quantities, and 
Feinberg ** has traced a curve showing the content of mold spores in 
the air from day to day. This curve is low during the winter and spring, 
but in May it begins to rise, reaching its height in July, and then con- 
tinuing more or less high throughout the remaining summer and early 
fall, not falling off until after the first frost and often not until after the 
first snowfall. This curve and the high incidence of mold spores is 
readily explainable when one understands that molds in nature are 
concerned with the breakdown of vegetable matter. Dead grass and 
leaves of all sorts must constantly be removed, and the molds do it. 
The top soil is full of fungi, and it is easy to see why these fungi flourish 
during the warm summer and the wet fall months. 

In the clinic, at the Massachusetts General Hospital cutaneous tests 
with extracts of several common molds, made as a routine, have shown 
positive reactions of various sizes to various molds in various patients, 
and so far the results are difficult to understand. Fortunately, one par- 
ticular patient has given an important clue to the problem. This patient 
is a plant pathologist and is so sensitive to Cladosporium fulvum that he 
cannot enter a greenhouse where tomatoes infected with this mold are 
growing without having a sudden attack of hay fever and asthma. This 
man is extremely sensitive to C. fulvum, yet he gives no reaction to other 
strains of the same species. In his case the degree of sensitivity and 
the degree of specificity are both extreme. Recently, my colleagues 
and I *® saw 3 patients, all professional tomato growers, who also had 
marked cutaneous sensitivity to extracts of C. fulvum. Other strains 
produced no reaction in them. The mold allergy was highly specific. 
The important results obtained in these cases indicate that the difficulties 
in the study of hypersensitiveness to fungi depend on a high degree of 
specificity among the strains of molds which has not been recognized 
hitherto. The lead provided by this observation is being followed 
enthusiastically. 

ASTHMA 


Complications of Asthma.—The complications of asthma, especially 
the development of subcutaneous emphysema and spontaneous pneumo- 
thorax, have had more than the usual attention during the past year. 
The literature was well reviewed by Sheldon and Robinson * in 1936. 
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Reports of 3 new cases are added by Kirsner,®' by Bridge ** and by 
Faulkner and Wagner.** The state of the heart and the general diag- 
nosis of cardiac asthma always present difficult problems. Colton and 
Ziskin ** made a study of the heart in 84 cases of asthma but could not 
find that it was greatly involved. Electrocardiography gave some evi- 
dence that strain of the right ventricle, with some myocardial damage, 
occurs as the asthma progresses and emphysema ensues. Swineford and 


¢ 


Magruder *° present a sensible and plausible analysis of cardiac asthma, 
indicating that the diagnosis always means two diseases: first, heart 
disease and, second, asthma; that the wheeze itself is enough to indicate 
asthma and that in most cases this wheeze antedates the evidence of 
cardiac disturbance. In connection with the pathologic picture, physi- 
cians must not overlook periarteritis nodosa, which, according to 
Ehrstrom,°® may be a complication. I have also seen 1 patient with 
this complication. 

Asthma and the Nose and Throat.—Kelley * found that hyperplastic 
involvement of the nasal sinuses as a part of the clinical picture of 
asthma was even more common than is clinically supposed. He found 
that it occurred in 89 of 100 cases. It is interesting, however, that 
of the 11 “negative” cases, asthma had existed for over ten years in 4 
and for over five years in 6. The point is that changes in the sinuses 
are not an obligatory complication of asthma. 


Asthma is often treated primarily by the otolaryngologist. Fox 
and Harned ** reviewed their material and present the results obtained 
in 150 patients treated locally, comparing them with those obtained in 
another 150 patients treated by “medical methods.” The surgical 
procedures seemed to be effective according as the surgical operation 
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was extensive. Figures for the results of different operations varied 
from 32 to 60 per cent “cured’”—the duration of “cure” not being 
stated. In contrast with these figures, the “medical” patients had all 
sorts of treatment, with such procedures as the injection of iodized 
poppy-seed oil 40 per cent, vaccines, extracts of nasal tissue and serum 
from patients who were doing well postoperatively, yet none of them 
was greatly benefited. The authors conclude, of course, that surgical 
is better than medical treatment. The trouble with this report is that 
asthma varies so widely in duration, kind and cause that it is hardly 
fair to compare results in numbers of cases without knowing more 
about them. 

Somewhat related is a fairly new idea that asthma, like bron- 
chiectasis, can be treated by intratracheal injections of iodized oil. 
Mandelbaum *’ has studied the literature carefully and has compiled 
from it a study of 1,000 cases, to which he adds 114 cases of his own. 
He is wise to emphasize the importance of excluding all the common 
causes of asthma before the intratracheal treatment is undertaken. 
Obviously, this treatment should be a procedure of last resort. On the 
other hand, the treatment evidently does little immediate harm, and it 
is interesting to observe how many treatments have been given and how 
much oil has been injected in certain cases. In Mandelbaum’s series as 
many as eighty-four injections were sometimes necessary in 1 case 
before the asthma was relieved, and in his series the average number 
of injections was thirty-seven. The average amount of oil used was 
684 cc.—usually these treatments consisted of giving 20 cc. at a time. 
The average interval between doses was six days, and the longest period 
of treatment was two years and four months. The results in the 1,000 
cases quoted were: complete relief in 24 per cent, marked relief in 34 
per cent, slight relief in 17 per cent and no relief in 25 per cent. There 
were 2 deaths, which were presumably dependent on hypersensitiveness 
to iodine. More recently Criep and Hampsey *°° observed 40 patients 
with asthma treated with iodized oil, but only 4 were relieved. In 17 
cases the treatment was a complete failure. It is interesting to compare 
these figures with those derived from a similar large series of cases 


which I? reported in 1927. This group comprised patients with 
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asthma of every sort, and it included a few children. The gross results 
were “cured,” 20 per cent; improved, 50 per cent; same, 20 per cent, 
and dead, 10 per cent. Evidently the ultimate outcome in the treatment 
of asthma is, by and large, fairly constant. 

The pathologic picture of asthma, as observed in 137 patients who 
died with or because of asthma, is described in an excellent article by 
Lamson and Butt.?°? They found that in cases of death from asthma 
itself the formation of mucous plugs in the bronchi was observed as a 
characteristic at autopsy. Many of the patients died with asthma rather 
than because of asthma, and the fact is emphasized. Some of them 
died within four years after the onset of symptoms. 


ECZEMA 

Allergic Eczema.—Allergic eczema, with lesions in a characteristic 
distribution on the face, neck, elbows and knees, is typical of allergy 
(“atopy”). Its mechanism, including its clinical relation to specific 
foods and dusts, the obtaining of positive reactions to cutaneous tests 
and the presence of reagins in the blood, is similar to that of hay fever 
and asthma. This fact is being recognized more and more. The con- 
dition varies with the seasons of the year, with changes of environment 
and often with changes in dietary. It is obvious that the cause of the 
disorder is something which reaches the skin from the blood stream 
underneath. Sulzberger’s*°* papers describe the condition and the 
classification clearly. 

Contact dermatitis is somewhat related, but here the lesions are 
limited to exposed surfaces, and the cause of the disorder reaches the 
skin directly. Poison ivy is in this group, and the recent studies by 
Straus ** on poison ivy in animals are of particular interest. Using a 
13 per cent acetone extract of dried poison ivy leaves, Straus was able 
to sensitize guinea-pigs by applying the material to the skin as in a patch 
test, leaving the application in place for forty-eight hours. Removal of 
the patch gave no visible reaction, but when, seven or ten days later, 
a similar patch was applied to another site, typical dermatitis developed 
in forty-eight hours. Straus observed that sensitization with poison ivy 
resulted also in a slight sensitization to poison oak. There is a common 
antigenic principle in the two. The later paper is more important 
because it points directly to the manner in which hypersensitiveness 
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spreads to all the skin. Straus ?°° removed a ring of skin from the upper 
part of the arm of a monkey and then applied his original sensitizing 
patch to the skin below the ring. Two weeks later tests showed that 
below the ring, sensitiveness of the skin of the arm was plainly evident 
but patches placed on the skin in other parts of the body always gave 
negative results. This other skin had not been sensitized, and so the 
authors claim properly that cutaneous sensitiveness spreads not by the 
blood or perhaps by the lymph but apparently by some method of trans- 
mission through the skin itself. 

The specific therapy of poison ivy has been improved. Sharlit and 
Newman ** describe the importance of making extracts with absolute 
alcohol, saying that the dermatogen is soluble best in this diluent. Sixty- 
three of the 74 patients treated obtained complete relief from their 
symptoms on the fourth day. Caulfeild?°’ has a similar idea, for he 
says that the active part of the poison ivy plant is soluble best in ether 
and the ether extract is readily soluble in corn oil. Treatment by intra- 
muscular injections of his oleo-antigen produced marked clinical 
improvement, even though the degree of cutaneous sensitiveness was 
not greatly reduced. 

The erysipelas-like eruption which sometimes complicates fungous 
infections of the feet has been studied by two groups of workers, Traub 
and Tolmach ?°° and Sulzberger and his associates.1°® The fact that the 
fungous disease can of itself cause a severe constitutional reaction, with 
localized lymphangitis and enlargement of the inguinal lymph nodes, is 
enough to establish the diagnosis and to allay fears concerning an acute 
streptococcic infection, which the condition simulates so closely. 


DRUG ALLERGY 


Knowledge of drug allergy is advanced chiefly by the increasing 


number of reports of new cases. Weber ''® performs an extraordinary 
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service by publishing a list of important irritants, arranged first by 
alphabet and second by the occupations in which they occur. Some of 
the chemicals produce irritation in normal as well as in sensitive persons, 
but nevertheless the list with its two hundred and forty-five references 
makes a useful reference work. 

Dyes remain the important source of trouble. Goodman and Sulz- 
berger *"* report 25 cases of sensitivity to the dyes in clothing, especially 
in women’s dresses. All colors were incriminated, but whereas there 
were thirty positive reactions to patch tests with black materials, there 
were only nine with brown, eight with red, six with blue, five with green 
and two with orange. One patient reacted to thirteen dress materials 
at the same time. Shoe dermatitis and sock dermatitis are not 
uncommon. Traub, Gordon and Van Dyke,'"* in a report on dermatitis 
from the dyes used in coloring fruits, described two cases in which the 
yellow dye used on oranges was the principal offender. Vallery-Radot 
publishes another paper on cutaneous disease in furriers caused by 
paraphenylenediamine. Downing *** had a patient who was sensitive 
to phenylhydrazine. Criep*'® saw a patient who was so sensitive to 
metaphen that the painting of his skin with this drug resulted 
in a massive swelling of his arm and later in asthma. Baker 
and Brunsting**® call attention to sulfocyanates, and Miller and 
O’Donnell **’ observed collapse and shock after the third dose of 


tryparsamide. Seymour *'* reviewed the literature on sensitivity to 
iodine and found reports of 14 cases of extensive generalized eruptions, 
7 of which were fatal. One patient had severe reactions after each 
treatment for pneumothorax, and finally the disorder was traced to 
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the extensive rash which followed the painting of the skin with iodine 
and which was accompanied with nausea and collapse—a serious dis- 
turbance. Boros ''* had a patient in whom jaundice developed after large 
doses of cinchophen. Of more practical interest is the report of 
Prickman and Buchstein,’*° who present a careful study of sensitiveness 
to acetylsalicylic acid. Reports of 33 cases were found in the literature, 
and 62 more cases were recognized at the Mayo Clinic. In them the 
taking of acetylsalicylic acid had resulted in the following reactions: 
asthma in 38 (61.2 per cent), urticaria in 12 (19.3 per cent), vasomotor 
rhinitis in 3 (4.8 per cent) and gastro-intestinal symptoms in only 3 
(4.8 per cent). So far there is no good test for sensitivity to 
acetylsalicylic acid except the homely method of trial and error. Fixed 
drug eruptions are described by Abramowitz and Noun.’** Typical 


bullous lesions, usually around the mouth and genitals, may develop 


after the taking of any one of a long list of drugs. Why the lesions should 
be localized and always occur in the same spot is hard to say. Evidently 
the degree of sensitiveness can be greater in certain areas of the skin 
than in others. 


MISCELLANEOUS MANIFESTATIONS OF ALLERGY 

The list of manifestations of allergy becomes longer from year to 
year, partly because the members of the medical profession are becom- 
ing “allergy conscious” and so are learning to think of allergy when 
the cause of some sudden disturbance is otherwise unknown and because 
in many cases this point of view is justified, especially when there is a 
story of previous contact with the particular substance under suspicion. 
In most of the cases of agranulocytosis, for example, the patient tells 
a story of having taken aminopyrine or some other drug previously 
and without trouble. It was the second course of treatment begun 
recently which caused the upset. Three recent articles describe cases 
in which thrombopenia and purpura seemed due to aliergy, as 
follows: Squier and Madison '** found 6 patients who improved after 
the elimination of certain foods, and in all cases the ingestion of these 
foods caused an occurrence of the purpura. Beiglbock’s '** patient 
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when tested with quinine gave an extraordinary reaction, with tremen- 
dous local swelling and hemorrhage appearing in half an hour. Vomit- 
ing, chills, fever and cyanosis occurred, but there was ultimate recovery. 
Fernan-Nujfiez *** declares that hemoglobinuric fever may be an allergic 
phenomenon associated perhaps with infestation by a certain plas- 
modium. In sensitive persons a minute intracutaneous injection of 
a suspension of the plasmodium treated with solution of formaldehyde 
produced a positive cutaneous reaction. 

Certain diseases of the eye may depend on allergy. Conjunctivitis is 
the most important and may be due to some substance contained in cos- 
metics or in preparations like henna and “lash lure.” Unger **° reviews 
the recent literature and describes the evidence for allergy as a cause 
of vernal catarrh. Vaughan and Sullivan’*® have evidence that 
allergy may play a part in essential hypertension. By means of 
a carefully taken history, cutaneous tests and the leukopenic index, 
dietary factors were found in certain cases which did seem to have 
a direct relation to the height of the blood pressure, which fell markedly 
when the different foods were removed. Gay,'*’ of St. Louis, also 
comments on food allergy in cases of essential hypertension and in 
paroxysmal tachycardia. Cutaneous tests were not common in his 
series, but, as he writes, “it is more important to discover what a food 
does to the organism as a whole than to discover what the extract of 
that food does to an isolated portion of the skin.” Essential dys- 
menorrhea may be allergic, according to Schwartz and Smith,’** who 
made a study of 35 patients and by “allergic management” brought 
relief to 29 patients, which was complete in 20. 

Only a relatively few of the papers published on allergy and its 
manifestations during the year have been mentioned in this review. 
As before, I have picked out only those papers and subjects which 
seemed to have a bearing on the aspects of allergy which interested 
me. A line must be drawn somewhere simply on account of limitation 
of space, and there is no doubt that many good papers have been left 
out. The literature has increased to the point that any complete review 
of the papers published even in one year would require not an article 
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but a whole book. Certain topics, like acetylcholine, the increasing 
appreciation that the value of cutaneous tests is limited, the nature 
and treatment of perennial vasomotor rhinitis, fungous allergy and the 
recent evidence of the great specificity among fungi, and certain new 
treatments for intractable asthma seem to represent the important con- 
tributions made during the year. I must emphasize that great selec- 
tion has been necessary and that many readers will be obliged to look 
elsewhere for complete information on some of the special aspects of 
the tremendous and fascinating problems presented by clinical allergy. 
263 Beacon Street. 
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Cancer and Diet. By Frederick L. Hoffman. Price, $5. Pp. 767. Baltimore: 
Williams & Wilkins Company, 1937. 

This volume of 767 pages represents the result of years of work. Much of the 
expense of the study and of the publication of the book was borne by Mr. Fels, 
of Philadelphia. Unfortunately, the work was carried on in such a way that the 
reviewer, at least, cannot be sure of what it all means. At first glance it seems as 
if something definite could have been learned about cancer and its relation to diet 
if a careful statistician, well trained to avoid the many pitfalls that lie in his path, 
were to have traveled about the world correlating the incidence of various types 
of cancer with the remarkable differences in dietary habits which are to be found 
in different lands. But unfortunately, even then it might be impossible to draw 
conclusions because, as every pathologist knows, whenever a group of older persons 
come to necropsy a large number of cancers are always found the presence of 
which was not suspected during life. Obviously, then, all figures purporting to 
give the incidence of carcinoma in any part of the world must be far from correct. 
Much depends also on the average age of the persons studied. Hence a missionary 
starting practice in China or Korea may for a time see so little cancer that he will 
be tempted to write an article on the anticarcinogenic effects of a vegetarian diet; 
but gradually as he gains the confidence of the people, some of the older men and 
women are induced by their children to consult the “foreign devil,” and then plenty 
of cancer is found. 

The statistically minded and trained will be astounded to find Mr. Hoffman 
saying in his introduction that he has “avoided the use of mathematics as entirely 
uncalled for and most likely to prove confusing to the nonmathematical mind.” 
But why should not the book have been written primarily for mathematically 
minded, competent statisticians and written so that they could be convinced of 
something or other by the evidence presented? When will men learn that it is 
a sheer waste of time to convince people who are not competent to judge as to 
whether or not the work was good or bad? 

The feature of this book perhaps most disturbing to a physician who knows the 
literature and something about the men who have written it is the author’s apparent 
naive belief that whatever is to be found in an old textbook or an old medical 
journal is gospel truth. For instance, in discussing carcinoma of the stomach 
not only does Hoffman quote cheerfully from Soltau Fenwick’s ancient book, which 
was antiquated even when it was published a generation or more ago, but he seems 
willing to assign this quotation the same value as he might give to the statement 
of a man who in recent years has carefully analyzed several hundred case records. 

Worse yet is the author’s uncritical handling of his data and his apparent lack 
of all interest as to how they were obtained. To him cancer seems to be cancer, 
no matter whether it is sarcoma of the thumb in a boy of 18 or carcinoma of the 
rectum in a man of 70. Furthermore, it appears to be all the same to him whether 
a man with carcinoma has a small nodule which has not yet affected his health in 
any visible way or whether it is as big as the hand and has reduced the poor 
victim to skin and bones. 

For instance, on page 505 the author, while apparently trying to find out what 
etiologic relation there is between constipation and cancer, states that the proportion 
of male patients with cancer having no daily bowel movement was 11.6 per cent 
against 8.4 per cent for the male control patients without cancer. But what can 
this prove? One would first need to know in what percentage of cases the car- 
cinoma was in the colon or at the pylorus, where it could produce constipation, 
and more important yet, one would need to know in how many cases constipation 
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preceded the onset of the carcinoma? In how many was it simply the result of 
the weakness, starvation and inactivity produced by the carcinoma? And then 
what is constipation? Many persons who would classify themselves as constipated 
have really had diarrhea for years, owing to the taking of a daily purgative. So 
far as one can tell from the book, such questions bother Hoffman not a bit. 

He goes on to state that the best discussion on intestinal stasis in relation to 
cancer with which he is familiar is in the book by Jordan. This is disturbing, 
because it would probably be hard to find any American roentgenologist who 
would have a good word to say for this now-forgotten book which Jordan wrote 
years ago to back up the views of his co-worker Sir Arbuthnot Lane. Strangely, 
also, Hoffman still feels great admiration for Lane as the “foremost authority on 
intestinal stasis.” One wonders where in America today he could find any eminent 
or well posted physician who would join with him in eulogy of this erstwhile 
booster for Fleischmann’s yeast. 

And so it goes, until the busy physician is compelled to turn away with the 
feeling that if anything of value can come out of such loosely gathered statistics 
—such averaging up of cats, dogs and giraffes, he does not have the time to 
search for it. 


Morphologische und tierexperimentelle Studien iiber dem Schleimhautre- 
lief der Magen-Darmkanals. By Stenn Grettve. Acta Radiologica. Price, 
10 kronor. Stockholm: P. A. Norstedt & Soner, 1936. 

The increasing importance of the relief topography of the mucosa in the refine- 
ment of gastro-intestinal roentgenography is well recognized. The constitution 
of the elements of the relief topography has been made the subject of an exhaustive 
morphologic and experimental investigation by Stenn Grettve at the Karoline 
Institute in Stockholm. He has made a comprehensive survey of the literature 
of the past hundred years and places special emphasis on the work of Forssell, who 
emphasized the plasticity of the mucosa and the lack of preformed anatomic folds. 

Grettve demonstrates that the thickening of the muscularis mucosae at the 
height of a fold is an active process of contraction. The mucosal capacity for 
enlargement in response to intraluminal changes in pressure includes the ability 
of the low relief to alter its surface. Thus when the stomach is full the crypts 
are widened and flattened, and it is possible to see the openings of the glands at 
the bottom of the crypts. These changes are illustrated clearly. 

Combining submucosal injection of saline solution with arterial injection, the 
author obtained a clear reconstruction of the vascular arrangement in the gastric 
submucosa and inner mucosa, which he describes in detail. He concludes that the 
vascular supply is a factor but does not determine the changes in the form of the 
submucosa. 

A special apparatus was devised to isolate portions of the stomach of a living 
animal so as to permit a study of the mucosal reaction to physical and pharma- 
cologic agents and to changes such as stretching or contraction of the muscularis 
propria. The mucosa is a soft, pliable membrane, possessing a marked capacity 
to resist mechanical influences. Passively induced physical changes are temporary 
and are readily followed by a return to the original pattern, which has a certain 
configuration typical of the species but varies in minor detail from time to time 
and from person to person. Locally applied epinephrine causes passively induced 
changes to endure longer. It causes higher, softer, smaller and more numerous 
folds, with increased sinuosity. Pilocarpine hydrochloride applied locally creates 
lower, broader and fewer folds. Intravenous administration was less effective in 
both cases. The muscularis mucosae is considered the site of these changes. 

Confirmation of previous experiments concerning the special adaptability of 
the mucosal surface to solid particles is established. The direction that high folds 
assume under the influence of contractions of the outer muscle wall follows obvious 
physical laws; i. e., it is at right angles to the axis of contraction. 

A quantitative analysis was made of the water content of the wall of the 
stomach. This was greater in the full than in the empty stomach. There was 
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more than twice the content of water in the folded portion as in the fold-free 
portion. The water content of the mucosa and submucosa combined was found 
to be higher than that of the muscularis. 

Finally the author exhibits the distribution of the capillaries and finer arteries 
in the mucosal surface. 

For one set of experiments anesthetized cats and rats were given histamine 
intracardially, and before death the portal vein was clamped, thus producing the 
maximum exhibition of the capillaries. The sections showed large numbers of 
distended capillaries in the mucosa but only sparse filling of the submucosal 
capillaries. The serosal capillaries were numerous and well filled. The sites of 
the microscopic and low relief showed marked capillary vascularity compared with 
the furrows between the relief structures. The author believes that the surface 
capillary network may contribute to the formation of the microscopic appearance 
and low relief. 

In conclusion, the author states that the mucosa through its intrinsic muscula- 
ture plays an important role in the form and function of the digestive surface of 
the gastro-intestinal canal. There is an active process of mucosal accommodation, 
partly to the surface and form of the outer muscle wall and partly to the intra- 
luminal contents. To a lesser extent there is passive wrinkling induced by con- 
traction of the outer wall. All the processes serve to meet the varying needs of 
digestion. 


Materia Medica, Toxicology and Pharmacognosy. By William Mansfield, 
A.M., Pharm.D., Professor of Materia Medica and Toxicology, Union Uni- 
versity. Price, $6.75. Pp. 707, with 202 illustrations. St. Louis: C. V. Mosby 
Company, 1937. 


This book has individuality and a good deal of charm. As is stated in the 
preface, it is a textbook and reference work on the therapeutics, toxicology, 
pharmacognosy and posology of the official drugs of “The Pharmacopoeia of the 
United States of America” and the “National Formulary.” 

It is an interesting combination—in many ways an old-fashioned herbal walking 
hand in hand with a modern textbook. One sees pictures of homely herbs and 
flowers, like thyme, roses or foxglove, and learns how as the years have passed 
they have come to be used by medical men as thymol, pills of aloe and mastic or 
tincture of digitalis. The illustrations from the herbals are not perfect but are 
sufficiently good and reasonably clear. For the unknowing there are short chapters 
that deal with the elements of botany which every physician should know and also 
a simple glossary whereby an ignoramus can quickly become fascinated by a new 
and pleasant language and wish to learn more of it. 

The toxicologic portion of the volume is more orthodox. Particular emphasis 
is laid on the point of view that any drug is a medicine only so long as it produces 
a therapeutic effect and that it becomes a poison when the amount taken causes 
sickness, disease or death. Considerable space is occupied in describing the toxic 
manifestations of many drugs and the procedures to be employed in offsetting them. 

Finally is listed the dosage of drugs given in “The Pharmacopoeia” and in the 
“National Formulary,” grouped first from lowest to highest dose and later alpha- 
betically. A good index completes the work. 

One is inclined to agree with the author: A volume_of this character should 
indeed prove useful to physicians, pharmacists, and students of medicine, pharmacy 
and nursing. 


Clinical Roentgenology of the Cardiovascular System. By Hugo Roesler, 
M.D. Price, $7.50. Pp. 343, with 199 illustrations. Springfield, Ill.: Charles 
C. Thomas, Publisher, 1937. 


Intensive investigations have created gaps—unavoidable by virtue of their 
inherent trends—between varied and yet related fields of medical science. In the 
attempt to bridge one of these gaps, the clinician and the roentgenologist have 
built up a loose form of cooperation, each borrowing from the knowledge and 
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experience of the other. “Clinical Roentgenology of the Cardiovascular System” 
offers to the cardiologist everything that its title implies. The author, funda- 
mentally a clinical physiologist and thoroughly conversant with the mechanism 
of cardiac symptoms and signs, has made a roentgenologic study of the cardio- 
vascular system, with all the fundamentals of normal and pathologic physiology 
projected into his observations. That is, he has borrowed directly from the 
specialized branches of medicine and not from the specialist in interpreting them. 

Considerable attention is given to the description of correct roentgenologic 
technic, including orthodiagraphy and kymography. The difficulties encountered 
and the mathematical considerations involved in the determination of the size and 
volume of the heart are fully discussed. The book includes a chapter covering 
the important details of arteriography. The descriptive picture is clear, and the 
objective findings of fluoroscopy are correlated with the phenomena responsible 
for the clinical picture. 

The differential diagnosis of individual lesions under their separate headings 
has called for a certain degree of repetition. This, however, the reader will find 
more helpful than cumbersome. Illustrations are well selected and adequately 
explained. 


Quelques vérités premiéres (ou soi-disant telles) sur les maladies du 
foie. By Noél Fiessinger. Price, 24 francs. Pp. 82. Paris: Masson & 
Cie, 1936. 

This short presentation of “some of the primary truths about hepatic disease” 
consists of many present day clinical axioms, based mainly on the author’s experi- 
ence. The axioms are, as axioms should be, brief and to the point. The mono- 
graph is devoid of any discussion. It is limited to considerations that are accepted 
today as truths, As stated by Fiessinger, the truths of today may be the errors 
of tomorrow. 

The author includes in the presentation the examination of the patient, func- 
tional disturbances of the liver, organic hepatic disease, methods of roentgenologic 
and biliary study and treatment of hepatic disease. There is a consideration of 
the various clinical aspects of hepatic disease. For instance, cirrhosis of the liver 
is presented as to etiology, symptoms, complications, prognosis and treatment, 
axiomatic statements being made for each phase of the disease. The chapter on 
treatment is divided into two parts: first, “that which should be done” and, second, 
“that which should not be done.” Dogmatic statements are briefly made from 
the medical and surgical points of view. 

This interesting monograph contains many salient clinical facts which are 
dogmatically stated as the accepted truths of today. Not only is the monograph 
interesting and instructive to those who are seeking information about hepatic 
disease, but it is interesting and entertaining to those who are well versed in the 
subject. The reviewer recommends this monograph to all physicians who have 
a few minutes to spare for interesting and instructive reading. 


The Clinical Use of Digitalis. By Drew Luten, M.D., Associate Professor of 
Clinical Medicine, the Washington University School of Medicine, and Physi- 
cian to the Barnes Hospital, St. Louis. Price, $3.50. Pp. 226. Springfield, Ill: 
Charles C. Thomas, Publisher, 1936. 


It is the opinion of the reviewer that this book is one of the finest to be found 
at the present time on the subject of digitalis. It is primarily a study of the drug 
from the clinical standpoint, and it is a well organized and well written summary 
of most of the important contributions to the subject during the past ten years. 
It is not surprising that throughout the book there are frequent delightful refer- 
ences to the history of digitalis and to Withering’s cases. 

The first chapters are concerned with the pharmacologic action of digitalis in 
its effect on the ventricular muscle and on the conduction tissues, and they lay the 
background for the now generally accepted opinion that the therapeutic efficiency 
of digitalis results from the action of the drug on the ventricular muscle and that 
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the improvement in cardiac function takes place not at the expense of increasing 
the work of the heart but by lessening its requirement for energy. 

The clinical discussion of the indications, dosage, administration, contraindica- 
tions and dangers of the drug, which comprises the main portion of the volume, 
is in line with the general authoritative opinion of the day, in which there is 
but little disagreement. In spite of this uniformity of opinion, digitalis remains 
a drug which, perhaps more than any other, is most frequently misused. Physicians 
in general practice as well as those whose interest is primarily in cardiology will 
find much helpful information in this splendid volume. 


Lehrbuch der roentgenologischen Differentialdiagnostik der Erkrankungen 
der Bauchorgane. By Werner Teschendorf, M.D., Chief Physician of the 
Radiologic Institute, General Hospital, Cologne. Price, 42 marks; bound, 44 
marks. Pp. 477, with 929 illustrations. Leipzig: Georg Thieme, 1937. 


To the roentgenologist who is keenly interested in studies of the alimentary 
canal and abdominal organs every new book on the subject is a new-found treasure. 
It is true that there are already many texts and all must be essentially similar, 
yet all are more or less different in point of view, expression, illustration and 
emphasis on specific items, and these differences give value to each individual text. 
These considerations apply fittingly to Teschendorf’s volume. Lesions in the three 
portions of the stomach—cardia, media and pylorus—are described separately. 
Adequate demonstration of the internal relief is given the emphasis that it deserves. 
Diseases of the small and the large bowel, pancreas, spleen, liver, gallbladder, 
kidney, ureter and bladder are all well covered. The text is succinct; the illustra- 
tions are extraordinarily clear. Like all books, this one is not beyond criticism. 
For example, it presents excellent illustrations of hypertrophy of the pyloric muscle, 
but the conical indentation of the bulbar base and the elongated, indented canal, 
which are characteristic of the disorder, are not mentioned. However, that is a 
small fault that is more than offset by the general excellence of the book. To the 
reviewer the most striking feature of the volume is the extensive and thorough 
description of the stomach after operation, with diagrams of all standard opera- 
tions. This chapter alone would make the book worth while. 





CORRECTION 

The legend for chart 6 in the article by Drs. Chester S. Keefer, Franz J. 
Ingelfinger and Wesley W. Spink entitled “Significance of Hemolytic Streptococcic 
Bacteremia: A Study of Two Hundred and Forty-Six Patients,” which appeared 
in the December issue (ArcH. INT. Mep. 60:1084, 1937), should read: 

“Temperatures of patients with hemolytic streptococcic bacteremia for whem 
culture of the blood was made. The blood was cleared promptly in all but 2 
patients without abscess formation, and recovery followed. The arrows indicate 
the time of incision of an abscess.” 


CORRECTION 


“Hydatid Disease: Clinical Laboratory and Roentgenographic Observations.” 
M. F. Godfrey, M.D. (Arcu. Int. MeEp. 60:783, 1937). 

On page 789, in the second line under “Characteristics of Hydatid Elements,” 
the sodium chloride content of the fluid should have been given as 0.6 per cent 
instead of 6 per cent. 





